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ABSTRACT
This study assesses the geomorphological changes to the
fluvial systems of two rivers in southwestern Mississippi
that have been foreshortened.

Channel foreshortening in the

lower reaches of these rivers is similar to a lowering of
base level and causes a steepening of the channel gradient
which leads to channel incision, bank erosion and increased
sediment load.

Analysis of historical and modern data and a

comparison with three unmodified rivers in the same
physiographic region, provide an estimate of the magnitude
and rate that such disturbances are transmitted through the
fluvial system.
Degradation and channel instability of the Homochitto
River and St. Catherine Creek occurred immediately after
foreshortening and proceeded upstream by knickpoint
migration.

A relationship was found to exist between the

rate of knickpoint migration and drainage basin area of the
mainstem channels and tributaries.

Variations in the rates

of channel incision and widening were related to changes in
the regional geology.

The increased bankfull capacity of

the foreshortened channels has reduced the frequency of
overbank flooding.

The size of point bars along the

Homochitto River have nearly doubled due to the introduction
of enormous volumes of sediment from channel widening.
Short-term channel changes also occurred in response to
scour and fill associated with individual flood events.
xi

From these data a five phase model was formulated to
illustrate the evolutionary change to the channel system.
The meandering phase represents the channel prior to
foreshortening.

The degradation and aggradation phases

indicate the sequential adjustments of the channel after
knickpoint formation.

The longitudinal profile in the final

phase has reached a quasi-equilibrium position, although is
located at a lower elevation indicating some degree of
nonrecovery.

Additionally, the recovery time varied both

spatially and temporally within the fluvial systems with the
tributary channels lagging behind that of the mainstem.

CHAPTER I
INTRODUCTION
Base level changes can produce significant alterations
to the geomorphology and sedimentology of a fluvial system.
The ultimate base level is sea level, but local base levels
may be a major factor in tributary basins (Leopold and Bull,
1979) .

Base level changes can result from changes in sea

level and can influence the fluvial system for thousands of
years.

The effects of such base level changes to fluvial

systems have been experimentally modeled in flumes (Brush
and Wolman, 1960; Mosley, 1972, 1974; Schumm and Parker,
1973; McLane, 1978, Begin, 1979; Parker, 1979; Begin and
Schumm, 1981; Schumm et al., 1984).

Base level changes can

also result from channel foreshortening.

Foreshortening the

channel in the lower reaches of a fluvial system causes a
steepening of the gradient (knickpoint) and increased
erosive activity which leads to channel degradation, bank
erosion, and the eventual transmission of the disturbance up
the main channel (Fig. 1).

Such changes can produce

modifications to the fluvial system within just a few years
or decades.

The resulting lowered elevations along the main

channel produces local base level changes for tributary
channels and the subsequent transmission of the disturbance
throughout the drainage basin.
Base level changes of this type may have influenced
the upland tributaries bordering the Lower Mississippi River
1

2

KNICKPOINT

FORESHORTENED
SECTION

DISTANCE UPSTREAM-------------------- ►

Figure 1. Schematic diagram of base level change by channel
foreshortening. The shorter path length on the
foreshortened profile creates a zone of steeper gradient or
knickpoint.
The adjusted channel profile results from
upstream migration of the knickpoint.
(Fisk, 1938; Delcourt and Delcourt, 1977; Whitten and
Patrick, 1981; Harvey et al., 1981; Saucier 1988).

During

periods when the river migrates away from the tributaries,
it is postulated that aggradation of the tributary channels
occur.

When the river migrates towards the tributaries,

their channels are foreshortened and there is an increase in
channel gradient at the mouth of the tributary.

Such

changes, however, have been difficult to document.
During the past hundred years, a number of upland

tributaries to the Lower Mississippi River have undergone
channel shortening as a result of human modification
(Wilson, 1979; Robbins and Simon, 1983; Grissinger and
Murphey, 1983a, 1984; Schumm et al., 1984; Simon, 1989).
Consequently, an investigation that documents the sequential
adjustment of the entire tributary system to human induced
shortening would provide an analog to similar changes
produced by migration of the Mississippi River and would
supply the data to test, to some degree, pre-existing
experimental base level change models.
Purpose
The purpose of this study is to describe and analyze
the effect that base level change by channel foreshortening
has on the geomorphology of a fluvial system.

The manner

and rate that such events are transmitted through the system
can also be documented.

From these data, a model can be

formulated that can be used to predict the consequences and
recovery time for the fluvial system.

Although previous

models have emphasized a decrease in elevation of base
level, the type of channel instability produced is similar
to the foreshortening model and therefore, some comparison
with them can be made.
Channel foreshortening in the late nineteenth and early
twentieth century of two Mississippi River tributaries in
southwestern Mississippi create a natural laboratory for the
study of channel adjustments to base level change.

In order

to document the effects of foreshortening, three adjacent
rivers which have not been modified were selected for
comparison.

The specific objectives of the study are:

(1)

to document the chronology of channel changes and the
extension of a disturbance through the system from the
earliest historic records;

(2) to determine quantitative

estimates of morphological and sedimentological adjustments
to foreshortening and compare these with unmodified rivers
in the same physiographic region;

(3) to construct a model

of base level change in response to channel foreshortening;
and (4) to compare pre-existing experimental models of base
level lowering with that developed in a natural setting.
Scope
The five rivers studied in this investigation are, from
north to south, Bayou Pierre, Coles Creek, St. Catherine
Creek, Homochitto River and Buffalo River (Fig. 2).

They

are located in the southwestern corner of Mississippi and
flow in a westward direction into the Mississippi River.
The two foreshortened rivers are the Homochitto River
and St. Catherine Creek.

Prior to the turn of the century

they flowed from the blufflands to the adjacent floodplain
and followed long extended courses before joining the
Mississippi River.

In order to lessen flooding problems,

their channels were shortened by 32 and 13 mi, respectively
(Figs. 3 and 4).

The three unmodified control rivers are

Bayou Pierre, Coles Creek and Buffalo River.

Table 1

MS
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i-- 5
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STUDY.
AREA I

'C ole

C < ‘

v
St. Catherine Cr.

D ra in a g e basin b o u n d aries

20
miles

Figure 2.

Study area in southwestern Mississippi.
TABLE 1
DATA ON BASIN CHARACTERISTICS

RIVER

Homochitto
Bayou Pierre
Coles
North Fork
South Fork
Buffalo
St. Catherine

DRAINAGE
AREA
(SQ MI)
1200
1070
530
-

340
102

RIVER
LENGTH
(MI)
92
98
20
20
25
62
21

AVERAGE MEAN ANN.
GRADIENT DISCHARGE
(FT/MI)
(CFS)
5
4
4
7
9
14

1500
1200
475
n.d.
n.d.
575
110

summarizes the basin characteristics for the five study
rivers.
Channel Modifications
Homochitto River
The Homochitto River has a long history of channel
improvement projects.

The first modifications were to

secure navigation in lower reaches during the high water
season.

With authorization from Congress in the River and

Harbor Act of 1899, the lower 25 mi of the river channel was
cleared by removing numerous snags and obstructions
(Mississippi State Planning Commission, 1936; USACOE, 1973,
1985).

This project was continued until 1910.

In 1936 and 1938 Congress authorized further
improvements for flood control (USACOE, 1945).

On October

10, 1938, the U.S. Army Corps of Engineers completed
Armstrong Canal and Abernathy Channel, a 6.9 mi cutoff that
begins near Doloroso and extends west towards the
Mississippi River (Fig. 3) (Wilson, 1979).

The mouth of the

Homochitto River was thus relocated 10 mi upstream from its
former outlet at Lake Mary and rerouted through the
artificial canals to Mills and Washout Bayous.

This cutoff

reduced the river length by approximately 25 mi and changed
the lower channel from an anastomosing network of
distributaries to a relatively straight channel.

The valley

slope from the bluffline to the Mississippi River changed
from 0.31 ft/mi along the main channels of the old

distributary network to 6.3 ft/mi along the channelized
reach, a 20-fold increase in gradient.
Additional work during the summer of 1940 included
15 cutoffs between Doloroso and Rosetta (Fig. 3), shortening
the channel another 7 mi (USACOE, 1945, 1985).

Overall, the

channel improvement projects of the 1930*3 and early
1940 *s in the lower reaches of the Homochitto River
shortened the channel by 32 mi.
St. Catherine Creek
From at least 1700 to about 1870, St. Catherine Creek
had built an alluvial fan where it left the upland and
entered the floodplain of the Mississippi River (Neitzel,
1965).

The creek after turning southward across the fan,

NATCHEZ

.tiudc

'Mills
Bayou

HON*!

Cutoff Segment

Figure 3.

Foreshortening of the Homochitto River.

followed a long extended course parallel to the Mississippi
River in the channel that is now called Old St. Catherine
Creek (Fig. 4).

Because the aggrading stream often

NATCHEZ ) C\

Figure 4. Foreshortening of St. Catherine Creek (from
Neitzel, 1965)

overflowed its banks inundating landholdings, the local
landowners cut a canal at a narrow point close to the
Mississippi River.

The cutoff, which was made in 1871

(Neitzel, 1965), shortened the lower course by 13 mi and
relocated the outlet 10 mi upstream.

As a result of the

foreshortening, the lower valley gradient increased 10-fold
from 0.74 ft/mi to 7.3 ft/mi.
Background
The Geomorphic System
The systems approach to landforms has been utilized in
geomorphology since 1950 when Strahler (1950) was the first
to apply the theory to drainage basins.

Since that time

numerous contributions have been made in understanding the
processes and responses involved in landform evolution.
Chorley (1962) made contributions of fundamental importance
to the understanding of landscape equilibrium.

In the study

of fluvial processes, channel equilibrium is thought of as a
stable form which is attained by a balance between stream
gradient and ability to transport sediment.
The development of systems theory in geomorphology
received a major imput of ideas in the works of Schumm
(1973, 1977, 1980).

Schumm emphasized the existance of

thresholds in the landscape which, when crossed, change
occurs.

This gives rise to the idea that components of the

landscape may be incipiently unstable.

The fluvial "system"

idealized by Schumm (1977) consists of three basic parts:

the drainage basin consisting of the tributary network, the
major stream channel, and the zone of deposition.

The

morphology and hydrology of each zone within the fluvial
system are controlled by numerous independent and dependent
variables (Schumm and Lichty, 1965).

The dominant upstream

controls in the drainage basin include the amount of time
involved, initial relief, geology, climate and vegetation.
The most common downstream controls are base level
variations and tectonism.

Changes in any of these variables

within the system produces changes in sediment production
and adjustment in channel form.

The speed at which these

changes, either through erosion or deposition, are expressed
in any component of the system has been called sensitivity
(Brunsden and Thornes, 1979).

Sensitivity is usually

established on the basis of the magnitude and frequency of
eroding forces and the resistance of the material and
involves two aspects:

the propensity for change and the

capacity of the system to absorb the change.

For example,

systems with high sensitivity might be composed of weak
materials (e.g. alluvium, beaches) and thus respond rapidly
to even small changes of input.
The time period that a geomorphic system takes to
adjust to changes in external or internal factors in order
to achieve a new equilibrium is called recovery time (Wolman
and Gerson, 1978).

The recovery time varies from one system

to another but may range from a few months to hundreds or

11
thousands of years.

The recovery time and rate of recovery

will depend on the resistance to change in the system.
Base Level Concept
The effect of base level change on fluvial systems has
intrigued researchers since Powell first introduced the term
in 1875.

Base level refers to the lower, though not

necessarily the ultimate, limit below which a river cannot
reduce its channel by erosion.

Leopold and Bull (1979)

identify three different uses of the term:

(1) an ultimate

base level where hydraulic gradient is reduced to zero, such
as a sea level or a large lake; (2) a local base level such
as a resistant outcrop, which is considered temporary in
nature; and (3) the elevation of each point along a
streambed (also a local base level) which may be changed by
deposition of sediment (aggradation) or erosion
(degradation).
If the hydrologic and sedimentologic conditions in a
river basin remain essentially unchanged through time, the
river will tend towards an equilibrium condition
characterized by a stable longitudinal profile which
exhibits neither aggradation nor degradation (Mackin, 1948;
Gessler, 1971).

If the elevation of the lower end of the

river profile is raised or lowered, there will be a
concomitant decrease or increase in the channel gradient.
Thus, an increase in channel gradient will result in
degradation and a decrease will result in aggradation.

This

12
change, given sufficient time, may be transmitted throughout
the entire river profile until it has adjusted to the new
base level.
The causes which may lead to base level changes of
rivers include: tectonic movements (Kirkby and Kirkby, 1969;
Wallace, 1977; Butler, 1984; Watson, Schumm and Harvey,
1984; Ouchi, 1985; Merritts and Vincent, 1989), lake or sea
level changes (Fisk, 1944; Born and Ritter, 1970, Mosley,
1984; Gregory, 1984; Bowman, 1988), channelization (Daniels,
1960; Schumm et al., 1984), and gravel mining (Simons and
Li, 1980).

In addition, some investigators of the Lower

Mississippi River Valley, speculate that migration of the
Mississippi River away from or toward the bluffline
tributaries caused aggradation or degradation, respectively,
of tributary channels (Fisk, 1938, 1944; Delcourt, 1974;
Delcourt and Delcourt, 1977; Saucier, 1988; Grissinger et
al., 1982).

Channel foreshortening and gradient increase

would occur when the Mississippi River migrated towards the
tributaries, while lengthening of the tributary rivers and
associated gradient reduction would occur with migration
away.
Literature Review
Experimental Studies of Base Level Change
The control of a lowering base level on channel profile
evolution has been experimentally modeled in flumes (Lewis,
1944; Brush and Wolman, 1960; Yoxall, 1969; Schumm and

Parker, 1973; Shepherd and Schumm, 1974; Holland and Pickup,
1976; McLane, 1978; Begin, 1979, 1982; Begin et al., 1980a,
1980b; Begin and Schumm, 1981; Gardner, 1973, 1983; Schumm
et al, 1984; Ouchi, 1985).

Such studies simulate steepening

of the longitudinal slope by lowering base level to a fixed
position at the flume outlet.

One ultimate effect has been

to demonstrate that a reduction in base level will cause
progressive downcutting and readjustment of stream gradients
until a new equilibrium profile is reached.

The following

are summaries of the major theories developed:
1. Complex Response.
During experimentation (Schumm and Parker, 1973;
Schumm, 1977), a 10 cm base level lowering caused incision
at the mouth of the main channel and then progressively
upstream.

The incision formed a terrace and successively

rejuvenated tributaries upstream.

As erosion progressed,

sediment was mobilized in increasing quantities, and
automatically created a negative feedback of high sediment
production, which resulted in deposition (McLane, 1978;
Begin, 1979, 1980b).

The result was that agggradation

occurred in the newly formed incised channel.

As the

channel became adjusted to the new base level, sediment
loads decreased and a new phase of channel incision
occurred.

It was suggested that the complex response

observed in the experiments was the system's search for a
new equilibrium condition.

Hey (1979) and Alexander (1981)
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similarly argue for alternating phases of degradation,
aggradation and renewed incision.
2. Knickpoint Migration.
The experimental studies have shown that a lowering of
base level produced knickpoints, that migrated upstream
causing erosion of the main channel and tributaries (Fig.
5A)

(Parker, 1979).

By definition, a knickpoint is a point

of abrupt steepening in the longitudinal profile of the
stream (Brush and Wolman, 1960).

In general, knickpoints

are associated with an upstream scarp or rise, an
oversteepened reach and a lower plunge pool (Holland and
Pickup, 1976; Gardner, 1983).
Based on flume experiments, Parker (1979) showed that
the rate of knickpoint migration progressively decreased
with increasing distance up the main channel.

The decrease

in migration rate was shown to be related to the progressive
decrease in the basin area and the discharge in the upstream
direction (Fig. 5B).

In addition, knickpoints slowed with

movement up the lower order tributaries, although migration
continued along the main channel

(Fig. 5C).

3. Channel Pattern Changes.
Flume experiments also indicated that increased channel
gradient resulting from a lowering of base level caused
suspended or mixed load channels to increase their
sinuosity.

Ouchi (1985) concluded that streams could adjust

to the increase in channel gradient by increased lateral
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Figure 5. Characteristics of knickpoints. A) knickpoint
migration along a longitudinal profile (from Daniels, 1960),
B) relation between rate of knickpoint migration and
drainage area (from Parker, 1979), C) relation showing
progressive slowing of knickpoint migration up three
tributary channels (from Parker, 1979).
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migration and not by incising their channels.

In addition,

Yoxall (1969) found that the rate of lateral migration
increased with the amount of base-level lowering.

Schumm

and Khan (1972) showed in laboratory streams that threshold
values exist between the degree of sinuosity and
channel gradient by varying slope and noting the sinuosity
of the adjusting channel.

Results indicated that slope

thresholds occur between straight and meandering channels,
and between meandering and braided channels.
4. Drainage Network Rejuvenation.
The lowering of base level has also been found to cause
an increase in the drainage density of the basin (Parker,
1979; McLane, 1978).

However, it was determined that a lag

time existed between the downstream effect and the upstream
response.

This is because network growth cannot be

initiated until the migrating degradation is felt at the
tributary mouth and moves up its channel.
Base Level Chance bv Channelization
River channelization is an engineering practice that is
used most often to control flooding, drain wetlands, and
improve navigation.

Common methods of channelization

include channel straightening by meander cutoffs often
accompanied with channel deepening, widening, bank
stabilization and desnagging (Brookes, 1985).
Channelization can alter the morphology and hydraulic
characteristics of a river channel and can cause responses

in a drainage basin similar to those caused by a lowering of
base level.

Channelization, by shortening the channel

length, results in an increased gradient which when located
at the downstream end of a channel system produces much the
same effect as lowering the base level (Fig. 1).
Foreshortening in this manner produces a knickpoint which
increases the capacity for erosive activity and leads to
channel deepening, bank erosion and base level change along
the channel as it adjusts to the steeper slope (Daniels,
1960; Emerson, 1971; Yearke, 1971).

The knickpoint has been

shown to migrate upstream causing further channel
instability.
In addition, the deepening of a channel bed acts to
lower the local base level of the tributary channels.

This

initiates channel instability in the tributary drainage
systems as they adjust to the lowered base level (Daniels,
1960).

Erosion has been noted to migrate up the tributaries

in the form of a knickpoint (Bird, 1980, 1985).
The morphological effects of straightening in the
downstream direction have been described by Daniels (1960);
Emerson (1971); Parker and Andres (1976), Barnard and
Melhorn (1980), Bird, 1980; Keller and Brookes (1984);
Schumm et al.

(1984); Brookes (1987a).

Increased sediment

loads, bed aggradation, loss of channel capacity and
increased flooding downstream from the channelized segment
have been reported.

The excess sediment load is supplied by
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material eroded from the bed and banks upstream during
degradation and knickpoint migration.
The potential effects of several channelization
procedures on stream channels are shown in Figure 6.

A

comparison of the literature on the morphological response
of rivers to channelization is summarized in Table 2.
Generalized discussions of the engineering, geomorphological
and environmental aspects of channelized streams are
summarized in reports by Hill (1976), Keller (1976), Simons
and Li (1982), and Brookes (1985).

Means of avoiding the

dramatic response to channelization and base level change
have been considered by Keller (1975, 1976), Keller and
Brookes (1984), Nunnally and Keller (1979); and Brookes
(1987b).
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TABLE 2
COMPARISON OF RESPONSE OF RIVERS TO CHANNELIZATION
SOURCE

RIVER

DATE

MORPHOLOGICAL CHANGE
TO
CHANNEL

Blackwater R . ,
Missouri

1910

1000% increase in
cross-section area
in 60 yrs; 7 ft
aggradation downstream

Emerson,
1971

Peabody R . ,
New Hampshire

1961

Immediate adjustments
within 1st year
decreasing there
after; 18 ft
degradation; 400%
increase in width

Yearke,
1971

Willow R . ,
Iowa

1908

200% increase in width
and 300% increase in
depth by 1958; series of
knickpoints 1957-58

Daniels,
1960

Cane Creek,
Tennessee

1970

17 ft of degradation
150 ft of widening from
1970-80; aggradation
since 1989

Simon &
Hupp, 1986

Prairie R . ,
Canada

1962

Increased meander
migration; 30% increase
in width and 120%
increase in depth; 10 ft
of aggradation since 1972

Parker &
Andres,
1976

Oaklimiter Cr., 1965
N. Mississippi

1000% increase in crosssection area by migrating
knickpoints; 6 ft of
aggradation downstream

Schumm
et al,
1984

Johnson Creek,
N. Mississippi

1930!s 13 ft of degradation by
knickpoint migration

Grissinger
& Murphey,
1984

Santa Rosa
Wash, Arizona

1964

Rhoads,
1990

12 ft degradation with
75% increase in channel
capacity; knickpoint
migration; aggradation
in downstream reach
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Channelized Streams in Mississippi and Tennessee
Several studies have been conducted on channelized
streams in northern Mississippi and western Tennessee which
have similar physiographic settings as this study
(Grissinger and Murphey, 1982; Robbins and Simon, 1983;
Schumm et a l ., 1984; Simon, 1989).

The major emphasis of

these investigations has been on the analysis of bank slope
development as related to local geology and fluvial
processes.

Some attention has been paid to the magnitude of

channel adjustments (Grissinger and Murphey, 1983b,
1984; Murphey and Grissinger, 1983, 1986; and Ethridge,
1979), Grissinger and Murphey (1983a), Schumm et al.

(1984),

and Simon and Robbins (1987) have identified knickpoint
migration as a dominant process of present channel
instability.
The northern Mississippi studies investigated the
influence of channel bed and bank materials on failure
mechanisms and channel morphology in the Yazoo-Little
Tallahatchie watershed (Grissinger, 1982; Grissinger and
Little, 1986; Grissinger and Murphey (1982; 1983a, 1983c,
1986; Little, Thorne and Murphey, 1982).

In their

investigations they described the nature and distribution of
Holocene valley-fill lithologic units.

The frequency of

bank failure was related to entrenchment which increased
bank height and steepness and exposed easily eroded
bog-type and channel lag deposits in the bank toe position.
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Simon (1989) found that channelized streams in western
Tennessee responded in a similar manner and developed a sixstage evolutionary model which indicates the relationship
between processes and stages of bank retreat and slope
development (Fig. 7).
Schumm et al. (1984) examined morphological
characteristics of three channelized streams in the upper
Yazoo Basin of northern Mississippi.

Based primarily on

width-depth ratios, depth of sediment in the channel, and a
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space for time substitution (ergodicity), five different
reaches were identified that form an evolutionary sequence
along the main channel in response to channelization (Fig.
8).

Note that both the Simon (1989) and Schumm et al.

(1984) models (Figs. 7 and 8) show the dominant
processes to be degradation in early stages followed by
aggradation and eventual stabilization.
The research presented in this study will expand upon
the previous studies performed in flumes and channelized
rivers.

The most comprehensive investigations on the effect

of base level change on fluvial systems have been
experimentally modeled in flumes.

The development of a

theory concerning these effects requires documentation of
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channel responses in a variety of natural settings.
data on this issue are still lacking.

Field

Furthermore, most

previous field studies document change in only short channel
reaches or very small drainage basins over short time spans.
The research presented in this study provides a quantitative
estimate of the magnitude and rate of migration of such
disturbances throughout the entire drainage system.

The

rates at which the basin system, as well as tributary
subsystems, respond and recover can also be estimated.

In

addition, the data base employed in this study expands the
temporal control up to 100 years.
Research Methodology
Types of Data Available
Numerous sources were utilized to obtain the
morphometric data required to document channel changes.
Channel morphology data such as thalweg elevations, channel
bankfull widths, depths and areas were obtained from crosssections surveyed by the Mississippi State Highway
Department (MSHD) at bridge locations.

Sources of other

survey data include the Illinois Central Railroad Company,
U.S. Army Corps of Engineers (USACOE), U.S. Geological
Survey (USGS), Soil Conservation Service, and local
engineering reports.

Because all of the historic data

obtained from these sources were measured in feet, it was
necessary to use the same unit of measure (instead of
metric) in this investigation.
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Data regarding basin characteristics and other analyses
were acquired from various sources including descriptions of
regional geology, soils, climate and vegetation, historic
maps including the 1840 original survey plats and field
notes, and observations made by myself and local landowners.
Large scale (1:24,000 and 1:62,500) topographic maps dated
1957 and 1984, respectively, published by the USGS and
aerial photographs at a scale of 1:24,000 dated May 1943,
and 1:19,600 dated December 1983/January 1984 were the
primary data sources for morphometric analyses.
Daily discharge, stage data, annual peak flow and
frequency analyses for the Homochitto River at Rosetta,
Bayou Pierre at Willows, and Buffalo River at Woodville were
available from the USGS.

Stage data for the Homochitto

River at Doloroso were available from the USACOE.

Periodic

stage and discharge measurements were obtained for St.
Catherine Creek from an old gage discontinued in 1960 at
Liberty Road.

Coles Creek was not gaged.

Precipitation data was obtained from the published
monthly NOAA data for Mississippi Climate Division 7.

Land

use changes were documented from data provided in the U.S.
Agricultural Census for the period 1850 to 1980.
Field Methods
Data were collected at 65 bridge crossings along the
main channel and tributaries of all five study rivers (Figs.
28-32 and Appendix I).

Channel cross-sections at these

bridge locations were re-surveyed to obtain an updated
profile and channel dimensions.

At each site bed and bank

morphology were noted and photographs were taken.

Local

scour holes around bridge piers, when present, were avoided
to prevent error in determining actual bed elevation.

It is

felt that an actual lowering of the stream bed by
constriction scour (Thomas, 1977) in the bridge vicinity was
not a factor in the study area.

Field observations showed

no evidence of a lowered channel bed exclusively at the
bridge.

Also, a report by Murillo (1987) showed that

erosion at the U.S. Highway 33 bridge on the Homochitto
River was not due to bridge pier constriction.

He noted

that bridge designers did not try to hold the river channel
in place with erosion protection, but decided simply to add
extra spans.

Because the maximum depth of local scour

commonly occurs at the upstream side of the pier (Strautman,
1987), most cross-sections were measured, and in particular
those with evidence of local scour, on the downstream side.
Data Analysis Methods
Channel cross-section data collected from the 1989 and
1990 field seasons were compared to previous surveys
provided by MSHD to determine channel changes with time.
Because of excessive erosion on the Homochitto River, there
have been numerous bridge failures, subsequent resurveying
and reconstruction by the MSHD.
bridge plans were available.

Hence, numerous comparative

On the other rivers, the
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initial bridge plans were compared to later cross-sections
done in conjuction with bridge modernization.

Other cross-

section data were obtained from soundings for discharge
measurements taken by the USGS, Water Resources Division.
The analysis and comparison of cross-sectional profiles was
done on the Intergraph Computer.
Comparison of aerial photographs dated May 1943 and
topographic maps dated 1988 (topography taken from 1984
aerial photographs) both at a scale of 1:24,000 provided the
data to measure point bar areas for the Homochitto and
Buffalo Rivers.

For the Homochitto analysis, 1963

topographic maps (topography taken from 1957 aerial
photographs) at a scale of 1:62,500 were included.

The

water discharge at the time of photography was not known.
However, it was felt that the sources were comparable
because the photographs apparently were taken when the
rivers were at a mean flow level.

Each river was divided

into reaches based on planform morphology, areas of
disturbance and the location of major tributary junctions.
The surface area of all point bars was measured on a
Numonics 2400 digitizer.

The point bar areas within each

reach were totalled to provide an approximation of the
changes in sediment regime for the periods between 1943,
1957 and 1984.

CHAPTER II
PHYSICAL CHARACTERISTICS
Study Area
The rivers studied in this investigation comprise a
total drainage area of approximately 3,200 sq mi.

The study

area extends in a north-south direction about 60 mi from
just north of Port Gibson, Mississippi, to the MississippiLouisiana State Line on the south and it extends about 55 mi
east from the Mississippi River.

The study area encompasses

all of Adams, Franklin, and Jefferson Counties and portions
of Claiborne, Hinds, Copiah, Lincoln, Amite, and Wilkinson
Counties.
Homochitto River
The Homochitto River is the largest of the study basins
and drains an area of 1,220 sq mi (Table 1).

The river is

92 mi long and flows in a southward direction in the upper
reaches and then westward along the lower 30 mi (Fig. 3).
The floodplain averages over 2 mi in width throughout most
of its course.

The channel gradient ranges from

approximately 3 ft/mi to over 9 ft/mi near the headwaters
with an average of 5 ft/mi (Table 1).
Topography of the Homochitto River basin is
characteristic of the study area with hilly terrain upstream
from the relatively flat Mississippi River floodplain.

The

Mississippi River floodplain encompasses the lower 7 mi of
the channel.

Elevations range from 50 ft along the
27
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Mississippi River floodplain to above 500 ft in the upper
reaches of the basin.
Bavou Pierre
The other large basin in the study area is Bayou Pierre
which drains an area of 1,070 sq mi and has a length of 98
mi (Table 1).

The bayou flows north, then northwest, and

finally westward until it empties into the Mississippi River
(Fig. 2).

Elevations in the drainage basin range from 70 ft

along the Mississippi River floodplain to above 500 ft in
the upper reaches of the basin.

The floodplain ranges from

approximately 1.5 to 2 mi wide although upstream reaches
measure up to 2.5 mi.

The slope of the main channel of

Bayou Pierre averages 4 ft/mi.
Coles Creek
Coles Creek has a drainage network with two main forks;
North Fork and South Fork of about equal size (Fig. 2).
total drainage area is 475 sq mi (Table 1).

The

The South Fork

is slightly longer and has a steeper gradient than North
Fork (Table 1).

The floodplain averages 2 mi wide along the

North Fork and is slightly less along the South Fork.
Buffalo River
The Buffalo River drains 340 sq mi in the southernmost
portion of the study area (Fig. 2).

The floodplain of the

Mississippi River is proportionally large for this basin,
encompassing the lower 17 mi of channel.

Land surface

elevations vary from 50 ft along the Mississippi River
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floodplain to about 400 ft in the upper reaches.
average gradient is 9 ft/mi (Table 1).

The

The Buffalo River

floodplain ranges in width from 1 to 3 mi throughout its
course.
St. Catherine Creek
St. Catherine Creek is the smallest of the study rivers
(Fig. 2).

The creek is 21 mi long and has a drainage area

of 102 sq mi (Table 1), most of which drains the urban and
residental areas around Natchez, Mississippi.

Elevations in

the basin range from 60 ft along the Mississippi River
floodplain to 400 ft at the headwaters.

Because of the

basin size and relative relief, the average channel gradient
tends to be a relatively steep 14 ft/mi.
St. Catherine Creek has a deeply incised channel
throughout most of its course, and the incision has created
vertical sidewalls 40 to 60 ft above the channel bed (Figure
9).

Because of this, the present floodplain is confined

within the bed and banks.

The older and higher floodplain

surface is typically less than .5 mi wide.
Geomorphology and Geology
Within the study area, there are two physiographic
regions:

1) the Mississippi River floodplain, and 2) the

upland, comprising the basin geology.
Mississippi River Floodplain
The Mississippi River floodplain is located along the
western edge of the study area, bounded on the west by the

Mississippi River and on the east by the upland or loess
bluffs.

The floodplain in the study area reaches a maximum

width of approximately 10 mi and is nearly absent at some
points.

The flat topography of the floodplain is broken by

depressional swamps and lakes, and natural levees that form
gentle ridges approximately 10 ft higher than the
surrounding alluvial plain.

This area is free of man-made

levees along the Mississippi River.

Elevations of the

floodplain range from 40 to 70 ft.
The alluvial deposits of the Mississippi River
floodplain in the study area are approximately, on average,
160 ft thick and generally grade upward from sand and gravel
of the substratum (Fisk, 1944) through sand and silt to

m

m

Figure 9. Incised channel of St. Catherine Creek.
photograph was taken at low water.

Note
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silty clay and clay.

The fine-grained topstratum consists

of natural levee, point bar, backswamp and abandoned channel
deposits, ranging from 20-65 ft in thickness.
Meander belts of the Mississippi River floodplain were
formed during the Holocene.

Major changes in meander belt

positions from one side of the Mississippi Valley to the
other lengthened or shortened the courses of the
tributaries, thereby decreasing or increasing tributary
gradients (Saucier, 1988).

Five Meander Belts are

recognized, of which the most recent is that occupied by the
present river.

As the Mississippi River shifted towards its

current position along eastern wall of the alluvial valley
approximately 4,000 years ago, eastern tributary streams
increased their gradients which caused the tributaries to
degrade.

Sometimes this resulted in terrace formation

(Delcourt and Delcourt, 1977; Alford and others, 1983).
Changes in base level associated with the various
positions of the Mississipi River have been a long term
factor in landfomu development of southwestern Mississippi
tributaries.

Evidence for past degradation and aggradation

phases would be wide and deep alluvial valleys compared to
the present size of the river channel.

Geologic cross-

sections through the study area (Fisk, 1949) indicate that
all the rivers, except St. Catherine Creek, have deep
alluvial valleys.

For example, up to 50-75 ft of alluvium

underlies the Homochitto and Buffalo Rivers.

Alluvial

valley depth along Bayou Pierre and Coles Creek has been
somewhat inhibited because they have cut into resistant
Tertiary formations.

It can be postulated that St.

Catherine Creek has a very recently developed channel.

The

absence of a deep alluvial valley suggests that St.
Catherine Creek is no older than the present level of the
Mississippi River Floodplain.

The channel of St. Catherine

Creek may have expended its energy in downcutting and has
not yet adjusted to conditions that would promote meandering
and the formation of a wide floodplain which is
characteristic of all other study rivers.
Basin Geology
Geologic formations within the upland basins consist of
loess deposits along the eastern side, the Citronelle
Formation in western portions, the Hattiesburg and
Pascagoula Formations in south central portions, and the
Catahoula Formation in the north.

The descriptions

discussed below were compiled from county surveys conducted
by the Mississippi State Geological Survey (Vestal and
McCutcheon, 1942; Bicker et al 1966, 1969; Childress et al,
1976) and field observations.
The uplands or loess bluffs, rise an average of 150-200
ft above the surface of the Mississippi River floodplain to
the bluff crest, where crest elevations extend to a maximum
of 300 ft.

Pleistocene loess is topographically the

uppermost geologic formation throughout the study area,
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except for the most recent Holocene alluvial deposits along
the stream valleys.

Loess consists of massive sheet-like

deposits of eolian derived clayey silt, which is often
calcareous and fossiliferous in unweathered zones.

These

deposits are generally more erodible than the floodplain
deposits.
The loess bluffs in the study area are typically
thicker near the Mississippi River and become progressively
thinner toward the east (Mitchell and Martin, 1985).

The

thicker loess, in the more westerly zone, is 10-20 mi wide
with deposits ranging from 4 to 60 ft thick.

The thinner

loess is 30-40 mi wide with deposits of less than 4 ft.

The

topography of the loess bluffs is rugged, with steep-walled
valleys, vertical to sub-vertical scarps and narrow ridge
tops.

Extensive dissection by numerous tributaries has

created a local relief up to 160 ft.

Elevations along the

upper drainage divides of the study basins average 400
ft, but may extend above 500 ft.
The Citronelle Formation is a blanket-like body of
Pliocene-Pleistocene sands and gravels with local lenses of
silt and clay lying unconformably on the Miocene formations.
Typically, exposures have been subjected to considerable
weathering and erosion, and have been affected by the
circulation of iron rich ground water.

Consequently, the

colors of the Citronelle deposits are varying shades of red,
orange and purple.

Gravel found within the formation is
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generally composed largely of chert with smaller percentages
of quartz.

The Citronelle formation in the study area

varies in thickness from a few feet to as much as 200 ft and
is found in the headwaters of the Homochitto and Buffalo
Rivers.
The Pascagoula and Hattiesburg Formations, which are of
Miocene age, consist of beds of clay, silt, sand and gravel.
The clay is characterized by its blue-green or gray color.
Layers of silty sand, fine sand, and local deposits of
gravel are interbedded with the clay.

The sand is composed

of quartz and the gravel is predominantly chert.

These

formations underlie the basins of the Homochitto River, St.
Catherine Creek, Buffalo River, and Coles Creek.

In the

western portions of the study area where the loess thins or
is absent, the Miocene formation is exposed at the surface.
Once a stream cuts into the sandier units of these deposits,
bank caving usually proceeds at a rapid rate (USACOE, 1985).
The Catahoula Formation of Miocene Age consists of beds
of silt, sand and clay, sometimes containing lignite.

The

sands, which are characteristic of the Catahoula, are
present as lenses or discontinuous beds that grade laterally
and vertically into interbedded silts and clays.

Locally

they are cemented to form sandstones of varying degress of
hardness.

The thickness of the Catahoula in Claiborne

County is estimated to be at least 900 ft thick.

Resistant

outcrops of sandstone and clay can be seen along the bed and

35
banks of Bayou Pierre and Coles Creek.
Geologic Structure and Tectonics
Regionally, the study area lies along the western
extension of the Wiggins Anticline and the axis of the
Mississippi Embayment, a pronounced southerly plunging
geosyncline (Fig. 10).

Uplift rates on the Wiggins

Anticline in south central Mississippi have been estimated
as much as 5 mm/yr and may be a factor causing alluvial
river instability in Louisiana and Mississippi (Burnette and
Schumm, 1983).

The regional tectonics is considered a

factor in the long-term dissection and terrace formation in
the study area.
Valiev Geomorpholoav
All of the rivers in the study area, except St.
Catherine Creek, exhibit wide and deep alluvial valleys.

In

addition, various terrace levels have been noted in all
basins.

The topographic characteristics of the valley and

terrace levels in the region were compiled for selected
rivers at various locations along their courses.

The data

were obtained from 1984 USGS topographic maps at a scale of
1:24,000.
The floodplains of the control rivers are wide and
relatively flat in between the uplands, so that the rivers
appear underfit.

A representative cross-section of the

Buffalo River is shown (Fig. 11).

In addition, intermittent

paired and unpaired terraces have been noted along the
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Morrison, 1984)

courses of both forks of Coles Creek, Bayou Pierre, and in
the headwater reaches of the Buffalo River.

A valley cross-

section of a terrace site on the South Fork of Coles Creek
is shown in Figure 12.
Sediments underlying the terrace surfaces adjacent to
the channels of the control rivers appear to be older than
similar surfaces adjacent to channels of the foreshortened
rivers.

Sediments underlying terraces along Coles Creek are

weathered, indurated and contain abundant iron concretions
and staining.

Some terrace levels along Coles Creek and

Bayou Pierre are structural benches which are underlain by
resistent Miocene-age clays or sandstones (Fig. 13).
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Figure 11. Valley cross-section, Buffalo River at RM 32.
Source:
1984 USGS topographic map.
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Figure 12. Valley cross-section, South Fork Coles Creek at
RM 32. Source: 1984 USGS topographic map.

Radiocarbon dating of a wood sample from a 20 ft terrace
level along a tributary (Shankstown Creek at Coon Box
Bridge) of North Fork Coles Creek produced an age of 5,000
+/- 70 yrs B.P.

(Beta-39421).

Terrace levels adjacent to

unmodified streams along the loess bluff in Louisiana with
similar characteristics to the control rivers contain wood
fragments that have radiocarbon dates ranging from 7,000 to
22,000 yrs B.P.

(Levin et al, 1965; Ives et al, 1967;

Kreuger Enterprises, 1989).

The wood sample site on

Shankstown Creek was at the location of a historic wooden
bridge build in 1919 which is still in use.

There was no
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Figure 13.

Structural terrace, Bayou Pierre at RM 22.

evidence of channel degradation at the bridge piers,
indicating that the incision and terrace formation at this
site occurred sometime before 1900, but after 5,000 yrs B.P.
St. Catherine Creek and Homochitto River have
intermittent paired terraces that are a result of
foreshortening (Figs. 14-16).

The general stratigraphy of

these terraces reveals deposits that are of recent alluvial
origin.

There was no evidence of weathering or iron

staining that was characteristic of the control river
terraces.

The paired terraces along St. Catherine Creek

typically measure 15-18 ft above the channel bed and are
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Figure 14. Valley cross-section, St. Catherine Creek at RM
6. Source:
1984 USGS topographic map.
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Figure 15. Valley cross-section, Homochitto River at RM 20.
Source:
1984 USGS topographic map.
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Figure 16. Valley cross-section, Homochitto River at RM 63.
Source:
1984 USGS topographic map.

intermittent throughout the course of the creek.

A

representative valley cross-section is shown in Figure 14.
Terraces along the Homochitto River, however, are noted only
along the lower 30 miles of the channel and are not evident
in the upper reaches.

A valley cross-section along the

lower reach reveals a 10 ft terrace (Fig. 15).

The

Homochitto River cross-section at river mile (RM) 63 (Fig.
16) is representative of the upper valley reaches.
Although little data are currently available, it
appears likely that most of the drainage basins in this
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area, with the possible exception of St. Catherine Creek,
have been subjected to periods of incision since Pleistocene
time largely due to changes in Mississippi River levels and
uplift associated with the Wiggins anticline.

Recent

incision appears to be confined to St. Catherine Creek and
the Homochitto River.
Climate
The climate of southwestern Mississippi is
characterized by a long period of summer heat and humidity
and short, mild winters typical of a Humid Subtropical
Climate.
inches.

Average annual precipitation for the region is 56
The average annual temperature is approximately

65°F throughout the region.
The climate of southwest Mississippi is determined by
the dominance of the following air masses: 1) maritime
tropical (mT)— warm, moist tropical air from the Gulf of
Mexico; 2) continental Arctic (cA) or Polar (cP)— cold, dry,
arctic (or polar) air from the north; 3) Maritime polar
(mP)— modified Pacific air from the west, typically cool and
dry.
From October through April cyclonic precipitation
associated with fronts is the primary source of rainfall.
The two most common precipitation producing weather types
associated with fronts in this region are designated as
Frontal Gulf Return and Frontal Overrunning (Muller, 1977).
Frontal Gulf Return occurs as mT air from the Gulf of Mexico
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moves up the Mississippi Valley and comes in contact with
the cooler drier cA, cP, or mP air mass.

Prolonged and

heavy precipitation often occurs when the front becomes
stationary over the northern Gulf, characteristic of Frontal
Overrunning conditions.
During late spring and summer the zone of frontal
convergence moves northward out of the region.

The warm,

moist, vertically unstable mT air from the Gulf of Mexico
then dominates the region, often resulting in afternoon
convectional thundershowers.
In late August, September and early October the climate
is influenced by a westward extension of the Bermuda high.
Classified as Coastal Return and Gulf Return weather types,
they greatly reduce the probability of precipitation in the
southeastern United States (Muller, 1977).

This dry regime

may be interrupted by the northward movement of Gulf
Tropical Disturbances, ranging from relatively weak easterly
waves to severe hurricanes.
Soils
The soils of the study area may be grouped into two
classes:

1) upland soils, developed on steep loessal

slopes; and 2) floodplain soils, developed from fine grained
alluvium of the Mississippi River and study area
tributaries.

Soil associations of the upland tend to be

characterized by deep, well-drained, nearly level to steep,
acid, silty and loamy soils.

Mississippi River floodplain
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soil associations are poorly drained, nonacid, clayey soils
that have a seasonally high water table but shrink and crack
when dry.

Floodplain soils along the tributary systems are

primarily level to gently sloping, poorly to moderately
drained, acid, and mostly silty.
Vegetation and Land Use
Prior to the first significant European settlement in
the 18301s, the whole of southwestern Mississippi was
originally under forest growth (Holmes and Foster, 1908).
Early accounts indicated that the original forests were
composed entirely of hardwoods (Holmes, 1908; Dunston,
1910).

Lowe (1921) stated that pine was present almost

solely as second growth in old fields or other openings.
Pine is currently growing on 30 percent of the study area
(Mitchell and Martin, 1985).
Caplenor (1968) described the variation in forest
composition with the distribution and thickness of loess in
west central Mississippi.

The pine communities dominate the

upland non-loessal soils in the eastern portions of the
study area.

These consist chiefly of loblolly (Pinus taeda)

and shortleaf (P.echinata) pine with a smaller percentage of
longleaf pine (P^ oalustris).
Hardwood communities are characterized as oak-hickory
and occur on the loessal soils.

Those on the thick loess

soils near the bluffline are dominated by water oak (Ouercus
nigra), cherrybark oak (0. falcata oagodaefolia) , bitternut

hickory (Carva cordiformis), sweetgum (Liauidambar
stvraciflua), basswood (Tilia americana^, tulip poplar
(Liriodendron tulioifera), American elm fUlmus americanal ,
and slippery elm (U. rubra).

Dominant hardwood species on

the thin loess soils are black oak (0. velutina), mockernut
hickory (C. tomentosa) , American beech (Faqus grandifolia),
and tupelo gum CNvssa svlvatica).

Oak-gum-cypress (Taxodium

distichum) communities are found on the floodplains of major
streams (Lower Mississippi Region Comprehensive Study,
1974) .
Agricultural development in Mississippi grew slowly in
the late 18th century because of the large amount of labor
required to clear the land (Harrison, 1961).

The first

large clearings were made along the floodplain of the
Mississippi River.

By 1800 single crop plantations growing

mainly sugarcane or indigo multiplied rapidly, but by the
mid-1850's most crops were being replaced by cotton (Lower
Mississippi Region Comprehensive Study, 1974).
Records of land use in Mississippi are available in the
mid-1800's with the start of the agricultural census.
Census records allowed computation of the changes in the
percentage of cropland in each county comprising the five
drainage basins.

A similar pattern of land use was found to

exist for all counties, suggesting that potential changes in
sediment production were relatively similar throughout each
basin.

The average percent cropland for all counties in the

46
study area is shown in Figure 17.

In a study of land use

changes in northern Mississippi counties, Ouchi (1986) found
similar trends using cotton acreage as an indicator.
The graph depicts a rapid increase in cropland by 1860.
Indeed, Hilgard (1860), only about 30 years after the area
had first been opened to settlement, noted channel and
valley aggradation by sand washed down from the cultivated
fields.

In northern Mississippi (Marshall County), the

floodplain was noted to be covered with 15 to 20 ft of sand
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Figure 17. Average agricultural land use change in the
study area.

(Hilgard, 1884).

The widespread sediment production of this

period was later thoroughly studied by Happ and others
(1940).

They estimated that the amount of sediment

deposited on valley bottoms in two small watersheds in
Lafayette county in northern Mississippi was 5.5 inches the
100 yrs since the beginning of cultivation (0.06 in/yr).
Agricultural land use peaked around 1910 to 1920 with an
average of 34% of the land in crops.

After 1920 the percent

of cropland sharply declined and continued on to 1980,
although with fluctuations.

Happ (1968) estimated at least

a 35% reduction in upland erosion and valley sedimentation
since the 1930's.

CHAPTER III
HYDROLOGIC ANALYSIS
Discharge Characteristics
The rivers of southwestern Mississippi are perennial
streams that have their upper reaches in the hilly terrain
of the loess bluffs with lower courses that flow along the
Mississippi River floodplain.

The mean annual discharge for

all five rivers in the study area is given in Table 1.
Stage and discharge data in this section are available from
the continuous recording gaging stations operating on the
Homochitto River, Buffalo River and Bayou Pierre (Figs. 28,
3 0 and 31).
each gage.

Table 3 summarizes the period of record for
Coles Creek and St. Catherine Creek are not

included in the hydrologic analysis due to a lack of gaged
data.
TABLE 3
SUMMARY OF STAGE AND DISCHARGE RECORD
STATION

Homochitto at Doloroso*
Homochitto at Rosetta
Buffalo at Woodville
Bayou Pierre at Willows

MILES UPSTREAM
FROM MOUTH
10
30
32
33

*stage data only
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PERIOD OF RECORD

1949-1989
1952-1985
1942-1985
1959-1985
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Flood History
Flooding in southwestern Mississippi generally occurs
in the winter and spring months associated with prolonged
rainfall from frontal overrunning and gulf return
conditions, although some does occur throughout the year.
In April 1974 the flood of record occurred on the Homochitto
River (Table 4).

This discharge was slightly greater than

the 50-year flood and generally scoured the channel and
widened portions along the banks.

The extent of flooding

and the morphologic impact of this event are documented by
cross-section surveys in Chapter IV.

The 1974 flood was

also a major event (10-year) on the other gaged rivers,
although virtually unaffecting the bed of Bayou Pierre, but
causing a scour and fill episode on the Buffalo River.
The April 1955 flood was the first major flood on the
Homochitto River after channel foreshortening to cause
extensive channel scour (Wilson, 1979).

This flood,

although having a much lower rank (Table 4) than more recent
floods, caused the collapse of several bridges (Hall and
McLendon, 1958; Wilson, 1979, USACOE, 1984).

Data for the

highest flood discharges of record, corresponding gage
heights and return periods are listed in Table 4.
Stages at Specific Discharges
Studies of specific discharge-stage relationships have
been used to analyze the history of channel aggradation and
degradation (Wilson, 1979; Weiss, 1986; Robbins and Simon,

50
TABLE 4
RANK ORDER OF THE LARGEST FLOODS
DATE

PEAK DISCHARGE
(CFS)

GAGE HEIGHT
(FT)

RETURN
PERIOD

ROSETTA
150,000
141,000
130,000
128,000
112,000
100,000
97,000
95,000
94,900
85,500
84,700
79,600
77,200
76,500
70,800
70,500

28.6
29.3
27.6
27.5
24.1
23.5
31.2
25.6
22.7
22.5
21.3
22.1
21.1
21.0
20.7
20.6

50
25
25
10
10
5
5
5
5
5
5
5
3
3
2
2

BUFFALO RIVER AT WOODVILLE
65,000
March 25, 1973
57,400
April 22, 1979
44,800
October 4, 1964
April 15, 1967
43,300
April 5, 1983
43,000
42,000
April 13, 1974
41,700
July 19, 1969
December 6, 1971
40,800
November 29, 1977
40,700
March 2, 1948
39,900
June 8, 1975
39,800
39,400
April 13, 1955

22.3
22.0
20.2
19.9
20.0
19.6
19.6
19.4
19.2
19.2
19.1
19.1

100
50
20
10
10
10
10
5
5
5
5
5

BAYOU PIERE AT WILLOWS
April 7, 1983
88,000
63,800
April 13, 1980
May 22, 1983
56,600
April 13, 1974
51,000
January 1, 1979
46,400
February 24, 1979
44,200
March 30, 1980
42,900
March 6, 1984
42,100
May 5, 1978
40,300

29.4
28.2
27.7
27.3
26.9
26.7
26.6
26.6
26.4

50
50
25
10
10
10
10
5
5

HOMOCHITTO RIVER AT
April 13, 1974
October 4, 1964
December 6, 1971
March 24, 1973
April 21, 1977
November 30, 1977
March 28, 1961
June 8, 1975
April 6, 1983
December 4, 1982
October 21, 1984
February 1, 1983
February 24, 1979
May 8, 1978
April 22, 1979
April 13, 1955

Source:

USGS, Open-file, Water Resources Division, Jackson.
Ms.
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Figure 18. Stages at specific discharges, Bayou Pierre.
Source: USGS, Open-file, Water Resources Division, Jackson,
MS.
1983; Simon and Robbins, 1987).

Stage data for the three

rivers were plotted at high, intermediate and low discharges
to establish long term changes in bed elevation (Figs. 1820).

The specific gage records for the two control rivers,

Bayou Pierre and Buffalo River, show no long-term changes
and their channels appear to be near equilibrium (Figs. 18
and 19).

At the lower stages, which closely resembles the

actual bed profile, there is some variability along the bed
of the Buffalo River.

This behavior suggests that the sand

bottom of the Buffalo River is subject to scour and fill of
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bed load during high discharge events.

For Bayou Pierre,

resistant outcrops of the Catahoula formation line the bed
and banks in lower and middle reaches and is a major factor
causing bed stability.
Stage records for the upstream and downstream gages
along the Homochitto River (Doloroso at RM 10 and Rosetta at
RM 30) show very different trends (Figs. 20 and 21).

The

specific gage record for all discharge levels for the
Homochitto River at Rosetta indicate progressive channel
degradation (Fig. 20).

The Homochitto River peak flow
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Figure 19. Stages at specific discharges, Buffalo River.
Source: USGS, Open-file, Water Resources Division, Jackson,
MS.
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rating curve at the same location corroborates this finding
(Fig. 22) .

Similar data for the control rivers indicate no

change in their rating curve (Fig. 24).

Minimum stage

records of the downstream gage at Doloroso indicate that the
Homochitto River has aggraded after the mid 1950’s following
a period of degradation (Fig. 21).

This suggests that only

the lower portion of Homochitto River is aggrading while
upstream reaches continue to incise.

Recent aggradation is

most likely the result of the greater sediment loads being
generated from continued upstream erosion.

Simon (1989) has
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Figure 20. Stages at specific discharges, Homochitto River
at Rosetta. Source: USGS, Open-file, Water Resources
Division, Jackson, MS.
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noted that aggradation in lower river reaches tends to
migrate upstream with time.

Therefore, if applied over a

longer time scale the Rosetta gage should eventually
experience aggradation.
Changes in Channel Capacity
Further analysis of the Rosetta gage data (RM 30) and
historical records suggest that channel capacity or bankfull
discharge has increased so that the channel in this reach no
longer overflows its banks.

The analysis (Fig. 20) suggests

that the increase in bankfull discharge can largely be
attributed to channel incision.

The data indicate that the
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Figure 21. Minimum stages, Homochitto River at Doloroso.
Source: USACOE, Open-file, Vicksburg, MS.

largest flood discharge of record, 150,000 cfs on April 13,
1974 (Table 4), was confined within the banks.

The gage

height for this flood was 28.6 ft (Table 4), while the
channel at bankfull stage could have contained at least
another 10 ft, based on the 1974 channel cross-sections.
The present bankfull stage, calculated by subtracting the
elevation of the gage datum from the bank height, is 45.6
ft.

If the 1971-1985 rating curve was extended to the

present bankfull stage (45.6 ft)

(Fig. 22), the estimated

bankfull discharge would be on the order of 260,000 cfs.
Historic evidence indicates that the Homochitto River
38
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Figure 22. Peak flow rating curve, Homochitto River at
Rosetta. Source: USGS, Open-file, Water Resources Division,
Jackson, MS.
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prior to foreshortening overflowed its banks.

A photograph

of the old Illinois Central Railroad bridge, located several
hundred feet upstream from the Rosetta gage, in 1911 shows
floodwater

above bankfull stage (Fig. 23).The bankfull

stage determined
18 ft.

from the 1911 bridgeplan was approximately

Using the formula Q=AV, where:
Q = bankfull discharge(cfs)
A = cross-section area (ft2)
V = velocity (ft/sec)

the 1911 bankfull discharge was calculated using the crosssectional area determined from the old bridge plan (2,500

Figure 23. Homochitto River in flood in 1911. Photograph
of the old Illinois Central Railroad bridge near Rosetta.

ft2) and a flood velocity measurement of 12 ft/sec common
along this river reach (Wilson, 1979).

The bankfull

discharge in 1911 prior to channel modification was
estimated to be 30,000 cfs, well below the present 260,000
cfs bankfull discharge.

The 1910 Adams County Soil Survey

(Geib and Goodman, 1910) indicates overbank flooding along
the Homochitto River was a common occurrence.

According to

this survey, "the bed of this river is very shallow,
and in times of heavy rains the extensive lowlands are
always overflowed... and "along the Homochitto River...it is
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Figure 24. Peak flow rating curve, Buffalo River. Source:
USGS, Open-file, Water Resources Division, Jackson, MS.
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always swampy.”

The original 1840 survey plats show a

highly sinuous, narrow river flowing through extensive
swamplands along its floodplain.

Today, subsequent incision

of the river has drained most of these swamplands.
The Buffalo River and Bayou Pierre, in contrast, still
overflow their banks.

Buffalo River has a bankfull stage of

19.2 feet at the Woodville gage; with a corresponding
bankfull discharge of 40,000 cfs (Fig 24).

Table 4

indicates that most of the floods listed for Buffalo River
exceeded the bankfull stage and overflow its banks.
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Figure 25. Total annual discharge, Homochitto River.
Source: USGS, Open-file, Water Resources Division, Jackson,
MS.
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Similarly, Bayou Pierre has had a few recent overbank floods
above the bankfull stage and discharge, 27.6 feet and 50,500
cfs, respectively.
There is no evidence that changes (increase) in water
discharge has played a role in increasing channel capacity.
A comparison of discharge records for the Homochitto and the
two gaged control rivers, illustrated by the Buffalo River,
show fairly good correspondance between total annual
discharge (Figs. 25,26) and total annual precipitation for
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Figure 26. Total annual discharge, Buffalo River. Source:
USGS, Open-file, Water Resources Division, Jackson, MS.
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the study area (Fig. 27).

The discharge data for all three

rivers indicate higher total annual discharges since 1970,
and that these higher flows can be correlated with a trend
in higher total rainfall (Fig. 27).

Therefore, it is likely

that foreshortening, and not a increase in discharge is the
primary cause of channel change.
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Figure 27. Total annual precipitation, southwestern
Mississippi (Division 7). Source: U.S. Department of
Commerce, NOAA, Climatological Data.
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CHAPTER IV
CHANGES IN CHANNEL MORPHOLOGY
The purpose of this chapter is to provide an historical
evaluation of changes in channel morphology of the five
study rivers.

In addition, attention is paid to the

detection of channel disequilibrium.

An alluvial channel is

commonly assumed to be in equilibrium unless there is clear
evidence of vertical or lateral instability (Brice, 1980).
Types of lateral instability include changes in channel
width, river pattern, and changes in position by meandering
or avulsion (Schumm, 1977).

Vertical instability is

evidenced by progressive long-term degradation or
aggradation of the channel.

Short-term fluctuations in the

elevation of the channel bed may be superimposed on the
long-term changes caused by scour and fill associated with
the passage of a major flood event.
Data used in this analysis were collected at 65 bridge
crossings along the main channel and tributaries of the five
study rivers (Figs. 28-32).

Appendix I lists the bridge

sites, their mileage upstream from the mouth, and dates of
the MSHD cross-section surveys.

Cross-sections dated 1989-

1990 are those surveyed in this investigation.

For ease of

discussion, main channel sites and major forks are
abbreviated using the first letter in their names (BP=Bayou
Pierre, C=Coles Creek, CN=North Fork Coles Creek, CS=South
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Homochitto River bridge and gage sites.

Fork Coles Creek, SC=St. Catherine Creek, H=Hoxnochitto
River, MF=Middle Fork of the Homochitto River, and B=Buffalo
River) and numbered successively upstream.

In addition,

tributaries were given a designation "T" and also
successively numbered upstream.
are labeled "t".

Smaller order tributaries

Tributaries with more than one bridge site

were given an additional alphabetical designation.
Response to Foreshortening
Homochitto River
Substantial degradation of the channel bed has occurred
along lower reaches of the Homochitto River since the
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Figure 29. St. Catherine Creek bridge sites, tributaries
and location of old gage.
October 1938 channelization.

To determine the overall

magnitude of morpological change since foreshortening a
series of longitudinal profiles were constructed (Figs. 33
and 34).

Thalweg elevations taken from the 1909-1921, 1974,

and 1989 cross-sections along the lower 80 mi of channel
provide the data for Figure 33.

The construction of

profiles was limited to those time periods by the
availability of data for this length of the river.

The
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Figure 30.

Buffalo River bridge sites and gage location.

earliest data (1909-21) represent preforeshortening
conditions, the 1974 elevations were obtained following a
major flood, and the 1989 data were obtained by field
survey.

The profiles indicate that the amount of

degradation generally decreases upstream to a point
approximately 60 mi upstream from the mouth (Fig. 33).

The

1989 profile shows that aggradation of the channel bed has
occurred since 1974.
Longitudinal profiles were also constructed for the
lower 30 mi of the channel which corresponds to the zone of
maximum degradation.

The availability of a greater number

of data points made it possible to construct profiles for
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Bayou Pierre bridge sites and gage location.

more time periods.

The additional data are from 1938 and

1944 longitudinal profiles provided by the USACOE, and 1957
and 1984 USGS topographic maps.

The profiles show that

shortly after foreshortening in 1938, an abrupt knickpoint
with a gradient of 9.8 ft/mi had formed at Armstrong Canal,
7 mi upstream from the mouth (Fig. 34).

Since 1938,

degradation associated with the knickpoint has progressively
migrated upstream and by 1984 had extended approximately 20
mi from its inception (Fig. 34).

The decrease in the
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Coles Creek bridge sites.

gradient of the channel reach where the original knickpoint
was located is shown in Table 5.
An analysis of individual cross-sections provides
additional details concerning the magnitude and temporal
sequence of these channel changes. They also indicate the
response of the channel to major flood events which are
superimposed on the longer-term degradation.

A sequence of

cross-sections ranging from 1 9 :i to 1989 at HI (Fig. 28, RM
9.8), located 1.3 miles upstream from Armstrong Canal, is
shown in Figure 35.

A plot of thalweg elevations at this

site is shown in Figure 36.

These data indicate that

following foreshortening the rate of channel incision
progressively increased culminating with a rate of 18.5
ft/yr from 1944 to 1945; the channel, overall, had incised a
total of approximately 25 ft since foreshortening.

During

the next 10 years (1945-1955), the channel fluctuates near
the 30 to 40 ft level suggesting a state of quasi400
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Figure 33. Longitudinal profiles of the lower 80 mi of the
Homochitto River. Source: Thalweg elevations from
successive cross-sections (H1-H8).

68
150
1909-21
1938
1944
xxxxx

1957

KNICKPOINT

1984

100
IS)

se

i
i-k:
z
©

g
2d
u a

KNICKPOINT

MILES UPSTREAM FROM MOUTH

Figure 34. Longitudinal profiles in the area of maximum
disturbance of the lower Homochitto River. Sources:
190921 data points from bridge cross-sections; 1938 and 1944
longitudinal profiles provided by the USACOE; 1957 and 1984
from USGS topographic maps.
TABLE 5
RIVER GRADIENT IN ZONE OF
ORIGINAL KNICKPOINT*
DATE

GRADIENT (FT/MI)

1938
1944
1957
1984

9.8
6.2
3.8
2.7

*Data from longitudinal profiles
(Fig. 34)

equilibrium may have been reached.

The 1955 flood event

scoured the channel and caused 21 ft of incision at this
location.

Although sufficient data points are not

available, it appears that the channel had aggraded its bed
and within 3 years was well on the way to recovery from this
flood event.

By 1974, prior to another major flood event,

the channel had aggraded to its previous quasi-equilibrium
level.

The 1974 flood event again produced extensive

channel scour which resulted in approximately 17 ft of
incision.

The channel had aggraded its bed back to the

previous quasi-equilibrium level by at least 1983.
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Figure 35. Cross-sections, Homochitto River at HI (RM 9.8).
Source: MSHD bridge plans.
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35 and 36 also suggest that there is a recent phase of
continued aggradation which may be the result of a decreased
gradient (Table 5) and increased upstream erosion.
The river reach extending from site HI to site H3 (Fig.
28, RM 30) is 20 miles long.

In addition to the disturbance

generated by foreshortening, this reach has been shortened
by 7 mi by the construction of artificial meander cutoffs in
1940 (Fig. 37).

These cutoffs may be a factor in lowering

the longitudinal profiles between 1938 and 1944 (Fig. 34).
This reach also coincides with the transition from
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Thalweg elevations, Homochitto River at HI (RM

channel banks composed of Quaternary-age loess in the
downstream portion to banks composed of very sandy Mioceneage sediments upstream.

The latter sediments are more

susceptible to bank caving (USACOE, 1985).

An analysis of

cross-sections at site H3, at the upstream end of this
reach, provides additional information on the magnitude and
temporal aspects of channel change, but interpretation is
more speculative because of these additional factors.
The plan of an 1894 Illinois Central Railroad bridge at
this site (Fig. 38) indicates a top bank width of
approximately 200 ft.

Wilson (1979) and historical accounts

(Anderson, 1885; Quinn, 1892, 1897; Mclndoe, 1908; Cobb,
1936) describe the channel as relatively shallow and narrow.
A comparison of low-water stage measurements conducted in
1906 by the USGS and a 1941 cross-section indicates that the
channel maintained a width of 245 ft during this period.
The data suggest that the channel disturbance from
foreshortening had not extended to this site until after
1941.

Figure 39 indicates that major channel degradation

has occurred after this date.

However, because meander

cutoffs were also introduced at this time, it is difficult
to ascertain which modification may have initiated the
degradation.

The longitudinal profiles (Fig. 34) suggest

that the disturbance resulting from foreshortening had
reached this site prior to 1984, but was over 15 miles
downstream in 1954.
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Figure 37. Plan view, Homochitto River downstream from H3
(RM 30) in 1943 and 1984. A segment of the 1940 artificial
meander cutoffs is shown. Data from topographic maps dated
1940 (USACOE) and 1984, and 1943 air photos.
A comparison of Figures 35 and 39 indicates that there
is a marked difference in channel response at site HI (RM
9.8) and site H3 (RM 30) to disturbance.

This difference
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can be attributed to the upstream increase in susceptibility
of bank sediments to caving.

As a result of the

disturbance, the channel at HI (Fig. 35) has incised 25 ft
and the width has increased by 240 ft whereas at H3 (Fig.
39) the channel has incised 22 ft while the width has
increased by 1250 ft (Table 6 and Figure 40).
Individual flood events such as occurred in 1974,
although producing some scour, appear to cause excessive

Figure 38. 1894 photograph of the Homochitto River at H3
(RM 30). The bridge plans indicate that the channel was
only about 200 ft wide.

bank caving and channel widening in the reach between Hi and
H3.

Table 6 indicates the influence of bank resistence to

caving on the rates of incision and lateral migration along
this reach.
Cross-sections at sites upstream from site H3 (Fig. 28,
H4-H8, RM 51.6-78.5) and along the Middle Fork (Fig. 28,
M F a , MFb) exhibit no long-term channel modification.

Most

changes to the channel appear related to scour and fill
associated with individual flood events.

For instance, at

site H5 (Fig. 28, RM 55.7), the 1974 flood eroded a second
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Figure 39.

Cross-sections, Homochitto River at H3 (RM 30).
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TABLE 6
COMPARISON OF INCISION AND LATERAL MIGRATION RATES
IN THE LOWER 30 MI REACH OF THE HOMOCHITTO RIVER
SITE

RATE
LATERAL
INCISION TIME
TIME
(FT)
PERIOD (FT/YR) MIGRATION PERIOD
(FT)
1939-45

RATE
(FT/YR)

3.6

240

1921-89

3.5

-

638

1919-84

9.7

1250

1941-89

25.5

HI

25

H2

N.D.

H3

22

Source:

MSHD cross-section plans.
1984 data from USGS topographic map (1:24,000).

-

1941-89

0.45

Figure 40. Aerial view of the Homochitto River in 1955 at
H3 (RM 30). The channel has since widened an additional 600
ft. Compare same site, Fig. 38.

channel (Fig. 41), but the cross-section has almost returned
to its original form by 1989.

Slight changes on Middle Fork

tributary at site MFa (Fig. 28, RM 50.3/4.5) of the
Homochitto River were also evident (Fig. 42).

Wilson (1979)

reported 3.5 ft of degradation between 1945 and
1963 and virtually no change between 1963 and 1974.

The

1989 survey indicates an additional 2.5 ft of degradation,
bringing the total to 6 ft.

These changes are not of the

same order of magnitude as those between HI (RM 9.8) and H3
(RM 30) and may be related to flood scour.
The effects of main channel disturbance on adjacent
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Figure 41.
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Cross-sections, Homochitto River at H5 (RM

1509
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tributaries can be illustrated by comparing data from
tributaries in the lower 30 mi reach with those from the
upper reach.

Schumm (1960) suggested that width and depth

relations of stable channels would plot close to a
regression line, while aggradating or degrading channels
would be respectively wider and shallower and narrower and
deeper.

The relationship between width and depth at 10

tributary cross-section sites show a lack of correlation in
the lower 30 miles, due primarily to excessive bank caving
(USDA, 1971)

(Fig. 43A).

The relationship is significant at

tributary sites that join the Homochitto River in upstream
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Figure 42.. Cross-sections, Middle Fork tributary of the
Homochitto River (MFa).

530
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32
DEPTH (ft.)

DEPTH (ft.)

Figure 43. Relationship between width and depth for
tributaries of the Homochitto River. A) tributaries with
junctions downstream from mile 30; sites include Tla, Tib,
Tltl, Tltla, T 2 , T 3 , T 4 , T5, T6, T 7 ; and B) tributaries with
junctions above mile 30; sites include MFb, MFtl, T8, T9,
T10, TIOtl, Til. From 1989-90 survey data.
reaches above mile 30, indicating cross-section adjustment
under normal processes (Figure 43B).

The coefficient of

determination is R2=.97, confirming that degradation or
widening has not occurred.
The overall temporal and morphologic changes to the
Homochitto River are summarized in Tables 7 and 8.

Table 7
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TABLE 7
CHANGES IN AVERAGE BANKFULL WIDTH FOR THE
HOMOCHITTO RIVER FROM 1943 TO 1984
MI*

REACH

1
2
3
4
5
6
7

0-10
10-19
19-31
31-40
40-52
52-64
64-68

AVE
% CHANGE

1943 1957
WIDTH WIDTH
(FT) do

1943-57 1984
CHANGE/ WIDTH
RATE
do
(FT)/(FT/YR)

114
93
192
530
643
503
383

194
513
599
760
664
514
384

80/5
420/28
407/27
230/15
21/1
11/. 7
1/. 1

276
724
1217
788
715
510
379

351

518

167/11

658

48%

1957-84
CHANGE/
RATE
do
82/3
211/8
618/22
28/1
51/1
-4/-.1
-5/-.2

TOTAL
CHANGE
do

162
631
1025
258
72
7
-4

140/5

307

27%

*miles upstream from mouth
Source:
1943 air photos (1:24,000), 1957 (1:62,500)
and 1984 (1:24,000) USGS topographic maps
was constructed by dividing the river into seven
approximately 10 mi reaches.

The average bankfull width for

the periods 1943, 1957 and 1984 were computed for each
reach.

The most dramatic changes in width correspond to the

area of maximum channel disturbance from mi 10 to 30
(reaches 2 and 3) (Table 7).

Above mi 30 there is

progressively less change in bankfull width.

The highest

rate of channel widening occurred during the 1943-57
interval with an average rate of 11 ft/yr.

From 1957-84 the

average rate of widening declined to 5 ft/yr suggesting that
maximum channel widening was coincident with degradation and
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TABLE 8
CHANGES IN CROSS-SECTION AREA AT BRIDGE SITES
ALONG THE HOMOCHITTO RIVER

SITE

YEAR

*AREA
(FT2)

HI

1921
1955
1989

1112
10857
7498

1919
1984

H2
H3
MFa
H4
H5
H6
H7
H8

AMOUNT
CHANGE
(FT2)

RATE
CHANGE
(FT2/YR)

9745
3359

278
96

844
19125**

18281

277

1941
1989

2945
45674

42729

872

1938
1989

10813
12100

1287

25

1977
1989

5872
6696

824

64

1947
1989

5495
6543

1048

24

1938
1989

10591
11443

852

16

1974
1989

1097
1105

8

1963
1989

6561
5936

-625

0.5
-23

* areas were determined by digitizing cross-sections
from bridge plans and from plots of the 1989-90
field survey
** estimated from 1984 topographic map
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the banks are now stabilizing with the onset of aggradation.
The channel is stable in upper reaches (6 and 7) evidenced
by very slight changes in width.
Data on cross-section area (Table 8) also show that the
channel morphology along the lower 30 mi of the Homochitto
River (sites H1-H3) is indicative of disequilibrium
conditions.

At site HI the maximum area was attained by

channel deepening during the 1955 flood scour.

The

subsequent aggradation is evident by the decrease in crosssection area.

Middle reaches (MFa-H5) show changes likely

due to the remnants flood scour.

It is unclear if the

effect of individual flood events has been magnified as the
result of the initial disturbance to the channel by
foreshortening.

Upstream sites H6 (RM 63.1), H7 (RM 75.4)

and H8 (RM 78.5) are probably most characteristic of the
channel in its natural state.
It is evident from the previous data that the channel
disturbance or knickpoint has migrated upriver.

Some

estimate can be made of the rate at which this disturbance
was transmitted through the system.

For this purpose,

cross-section data from bridge sites (H1-H4) were used.

The

analysis is based on the period between the 1938
foreshortening and the date of the first indication of
degradation or channel widening that began the trend of
adjustments at each site.

The bridge site mileage upstream

from Armstrong Canal (RM 8.5) was divided by the period of
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TABLE 9
KNICKPOINT MIGRATION RATES FOR THE HOMOCHITTO RIVER
LOCATION

HI
H2
H3
H4

MILES UPSTREAM
FROM ARMSTRONG
CANAL

ARRIVAL
DATE

1.3
9.2
21.6
39.3

1940
1940
1949
1989

YEARS
POST
1938

MIGRATION
RATE (MI/YR)

2
2
11
51

0. 65
4.6
1.96
0.77*

* estimated maximum rate-knickpoint has not arrived
Source:

MSHD cross-sections and Wilson, 1979

time between 1938 and knickpoint arrival.

The calculated

knickpoint migration rates for sites HI (RM 9.8) to H4 (RM
51.7) are shown in Table 9.

The first sign of degradation

was noticed in 1940 at HI, slightly upstream from the
original 1938 knickpoint (Fig. 34).

Once initiated the

erosion progressed very rapidly (Table 9).

The migration

rate increased from the initial 0.65 mi/yr to 4.6 mi/yr
between HI (RM 9.8) and H2 (RM 17.7) as erosion was noted
within the same year.

Between 1940 and 1964, site H2

degraded 18.5 feet (Wilson, 1979).

The first indication of

accelerated erosion and widening at site H3 (RM 30) was in
1949 (Wilson, 1979), resulting in an overall rate of 1.96
mi/year.
The 1989 cross-section surveys showed no significant
evidence of bed degradation or widening at sites upstream
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from H3 (sites H4 to H8; RM 51.7 to 78.5).

In addition, the

1984 longitudinal profile shows a knickpoint at H3 (RM 3 0)
(Fig. 34).

Therefore, the knickpoint has not arrived at the

next site (H4), 18 miles upstream from H3, as of the survey
performed in 1989.

Realizing the the erosion may arrive

sometime after this date, a maximum migration rate of 0.77
ft/yr was calculated.
Knickpoint migration rates can also be calculated for
tributaries.

The major tributaries in the lower 30 mi

section include Second (Tl), Crooked (T2), and Sandy (T3)
Creeks (Fig. 28).

Based on the description by Wilson

(1979), in Second Creek the knickpoint migrated up the first
2 mi of the channel from 1940 to 1954 at a rate of 0.21
mi/yr.

By 1962, it had migrated 3 mi further upstream

indicating a rate of 0.27 mi/yr.
was common.

Thalweg lowering of 15 ft

On Crooked Creek, local residents reported

channel degradation beginning sometime prior to 1959 at
bridge site (T2) located 0.8 mi upstream from its mouth.

A

minimum knickpoint migration rate using the 1959 date would
be 0.04 mi/yr.

Degradation of Crooked Creek had lowered bed

levels as much as 16 feet by 1969.

An examination of bridge

piers on other tributaries at sites T 3 , T4 and T7 (Appendix
I) indicated significant amounts of bed lowering.

On Sandy

Creek (T3) for example, there has been 8 ft of degradation
since construction of a circa 1930 wooden bridge (Fig. 44).
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m&m

Figure 44. Bridge site T3 on Sandy Creek. Evidence from
this bridge site indicates approximately 8 ft of channel
erosion.
St. Catherine Creek
The foreshortening and resulting channel disturbance to
St. Catherine Creek is on a much different spatial and
temporal scale than the Homochitto River.

The area of the

St. Catherine Creek basin is only 1/10 the size of the
Homochitto basin and foreshortening occurred 68 years
earlier, in 1871.

St. Catherine Creek has been subjected to

a longer phase of channel disturbance and thus, offers the
opportunity to examine the temporal and morphologic changes
to a fluvial system in a more advanced stage than the
Homochitto River.
Several reports on the archaeologic investigations at

the Fatherland Indian Village Site (Fig. 29) include
theories on the evolutionary development of St. Catherine
Creek relative to the site as well as historic descriptions
of the creek prior to 1700 (Neitzel, 1965, 1983).

The

Fatherland Site, consisting of three Indian mounds, is
located on the north side of St. Catherine Creek six miles
upstream from the mouth and situated on a bluff that is
approximately 40 ft above the creek (Fig. 45).

Historical

accounts of the Frenchman Penicaut provided in these reports
(Neitzel, 1965, 1983) describe St. Catherine Creek around
1700 as a "little river flowing on gravel."

Another account

describing the creek during the 1800's indicates that
immediately after foreshortening the creek began to rapidly
scour the bed and banks (Butler, 1948).

Butler described

the need for bridge spans of ever increasing length as the
banks caved away at each end.

Prior to foreshortening the

creek was noted to have been barely 90 ft wide and being
fordable except during heavy runoff (Butler, 1948).
However, its position relative to the Indian site is
unclear.

The Indian site is covered by up to 6 ft of

sediment which has been attributed originally to overbank
flooding from St. Catherine Creek (Neitzel, 1965) and later
to colluvial material derived from the adjacent loess hills
(Neitzel, 1983).

The question was raised in these reports

concerning the elevation of the St. Catherine Creek channel
relative to the Indian site.

Neitzel (1983) concluded that

86

FATHERLAND SITE
2 2 -A d -5 0 1
C ontour interval: 1 toot

M ouna

Mound

0

C

Figure 45. Contour map of the Indian Mounds at the
Fatherland Site (from Neitzel, 1983).
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prior to 1956 St. Catherine Creek occupied the 15 ft terrace
located below the site and during this period eroded the
base of the bluff as well as a portion of Mound A (Fig. 45).
Sometime after 1956 the creek incised itself 15 ft to its
present level.

The pertinent conclusions from this report

(Neitzel, 1983) which are important to this study include:
1) 15 ft of channel incision occurred within the last 35
years, and 2) St. Catherine Creek did not flood the
Fatherland Site.

These conclusions will be addressed later

in this section.
The analysis of the St. Catherine Creek channel was
based on six main channel bridge sites (Fig. 29, SC1-SC6)
and topographic map data for 1916 (USGS, 1:62,500) and 1962
(USGS, 1:62,500 and 1:24,000).

The mileage upstream from

the mouth for the six bridge sites ranges from 3.3 to 18.3
mi (Appendix I).
labelled T1 to T3.

Three tributaries were studied and are
Detailed analysis was made of three

bridge crossings on the Spanish-Pearl Bayou tributary system
(T2, T2tl, T2tla)

(Fig. 29).

The longitudinal profiles (Fig. 46), based on 1916 and
1962 map data, indicate that during this period the lower 9
mi reach was dominated by alternating zones of aggradation
and the upper reach was experiencing degradation.

Bridge

sites SCI to SC4 are located in the aggrading reach and
sites SC5 and SC6 are in the degrading reach.

The analysis

of cross-sections at these bridge sites provide a
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Figure 46. Longitudinal profiles of St. Catherine Creek
comparing 1916 and 1962. Note that valley miles were used.
Source: USGS topographic maps.
quantitative estimate of the magnitude of channel change and
also indicate that the zone of aggradation has migrated
upstream since 1962.
A comparison of cross-sections for the lower four
bridge sites (SC1-SC4) indicates that the channel has
aggraded from 3 to 15 ft over the past 50 to 90 years.

At

SCI (RM 3.3), a comparison of profiles from 1930 to 1989
indicate no change in bed elevation although the channel
configuration has changed considerably due to MSHD channel
modifications.

The cross-section profiles from SC2 (RM 4.4)

date from 1903 and 1929 and show no change in thalweg
elevation during this period.

By 1962, based on an

elevation from topographic maps, the channel had aggraded 7
ft.

Cross-sections at site SC3 (RM 4.8), located

immediately downstream from the Fatherland Site, show
approximately 3 ft of aggradation since 1923 with no
evidence of channel incision from 1923 to 1989 (Fig. 47a).
The profiles from site SC4 (RM 10.l), which is located about
4 mi upstream from the Fatherland Site indicate slight
aggradation between 1934 and 1989, again with no evidence of
incision (Fig. 47b).

Based on these data, it is unlikely

that major channel incision occurred in this reach of St.
Catherine Creek in 1956 as suggested in previous studies
(Neitzel, 1983).

At site SC5 (RM 15) profiles are only

available for 1961 and 1989 and indicate about 3 ft of
aggradation.

Based on the longitudinal profiles (Fig. 46),

the channel prior to this time appears to have been
degrading, suggesting that the aggradational phase has
migrated upstream.

The profiles for the upper-most bridge

site SC6 (RM 18.3) show that channel incision, amounting to
more than 12 ft, has taken place since 1935 (Fig. 47c).
Data from these bridge sites can also be used to
establish an estimate of the rate at which the channel
disturbance or knickpoint migrated through the St. Catherine
Creek basin.

The rate at which the knickpoint migrated

upstream can be calculated by several methods which include:
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Figure 47. cross-sections, St. Catherine Creek,
4.8), b) SC4 (RM 10.1), and c) SC6 (RM 18.3).

a) SC3 (RM

1) dividing the distance between a bridge site and the
original knickpoint by the number of years from 1871 to the
oldest bridge plan date, 2) dividing the distance between
successive bridge sites by the time interval between their
oldest bridge plans, 3) extrapolating the rate from two
successive sites to the next site upstream which may
indicate an older date for knickpoint passage past this site
than the earliest bridge plan.
Some modifications to these methods were necessary such
as cases where an older bridge plan existed upstream, which
necessitated using the year of that plan for all sites
downstream (e.g. the 1903 date for SC2 was also used for
SCI).

Also cases where extrapolated dates were older than

the earliest bridge plan, the older date was used.

The

rates for each reach between bridge sites were calculated by
these different methods and the maximum rate selected for
determing an overall rate for the entire channel system.
Since none of the bridge profiles from SCI (RM 3.3) to SC5
(RM 15) indicate degradation, the computed values provide a
general indication of minimum rates.

The rates ranged from

0.07 and 0.11 mi/yr for sites SCI to SC3, 0.18 mi/yr for
sites SC4 and SC5, and 0.25 mi/yr for SC6 (Table 10).
Although these rates can be considered only crude estimates,
they provide a possible range for knickpoint migration
operating on St. Catherine Creek.

The lowest rate was

considered too slow because it produced channel degradation
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TABLE 10
ST. CATHERINE CREEK RATE OF KNICKPOINT MIGRATION

SITE

MI
FROM
KNICKPOINT*

YRS

MAX
RATE
(MI/YR)

MAX
METHOD* *ESTIMATED
DATE FOR
DATE OF
PASSAGE
ARRIVAL
USING
0.2 MI/YR

T1

1.5

SCI

2.4

T2

3.1

SC2

3.5

33

.11

1903

1

1888

SC3

3.9

38

.11

1907

3

1890

F.S.

5.0

1885

T3

7.2

1907

SC4

8.9

66

.18

1934

2

1915

SC5

12.9

88

.18

1956

3

1935

SC6

16.0

65
109

.25
.15***

1935
1979

1
1

1951

1878
<33

.07

1903

1

1883
1886

*1916 river miles upstream
**Method-#l
#2
#3

distance between bridge site and original
knickpoint/date of oldest bridge plan
minus 1871
distance between successive sites/time interval
between oldest bridge plans
extrapolate rate to next site upstream

***minimum rate
F.S.=Fatherland Site

at upper bridge sites where profile data indicated no change
or aggradation.

The higher rates ranging from 0.18 and 0.25

mi/yr were found to fit into the temporal sequence of events
established at all bridge sites.

Thus, using an

intermediary rate of 0.2 mi/yr, the time at which channel
disturbance had reached a particular segment of St.
Catherine Creek was estimated (Table 10).

The dates suggest

that the channel disturbance had migrated through the main
channel by the 1970's or within approximately 100 years from
its initiation (Table 10).
Because of the lack of more precise temporal data, the
rate of knickpoint migration was assumed to be uniform
throughout the main channel of St. Catherine Creek.
However, flume data (Fig. 5) suggested that there is a
progressive decrease in this rate with distance upstream or
with decreasing basin size.

Spanish Bayou, a tributary of

St. Catherine Creek, located at RM 3.7 (Fig. 29), provides
data not only on the chronology of knickpoint migration in a
smaller basin but also on the heirarchical system of
subbasins within the fluvial system.

The tributary system

consists of Spanish Bayou, a 3rd order channel, Pearl Bayou,
a 2nd order channel, and Hardings Bayou, a 1st order channel
(Fig. 48).

Prior to 1950, the bayous were crossed by

highways constructed on bridges.

In 1954, the Highway 84

bridges (sites T2, T2tla) were replaced by concrete culverts
which were again replaced in 1974 by newer culverts.

The
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Figure 48. Location map of Spanish Bayou and its
tributaries Pearl and Hardings Bayou.
original 1954 culvert remains in place on Pearl Bayou (site
T2tl) along Lower Woodville Road.
A comparison of .the 1916 and 1962 longitudinal profiles
of Spanish, Pearl and Hardings Bayou tributaries compiled
from USGS topographic maps document the location and
migration of the knickpoint.

The profiles of Spanish Bayou .

reveal that by 1916 the knickpoint had migrated 0.8 mi
upstream from St. Catherine Creek (Fig. 49).

This

knickpoint, although having passed beyond the junction with
Pearl Bayou, is not prominent on the 1916 profile of Pearl
Bayou (Fig. 50), suggesting a time lag before the
disturbance is transmitted up a lower order channel.
Based on the 1962 map data the knickpoint had reached
the concrete culverts on all three bayous by this date
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(Figs. 49-51).

These culverts have acted as a barrier past

which the knickpoint cannot migrate (Figs. 52 and 53).

A

comparison of the width and depth of the channel above and
below each of the culverts, however, indicates that on
Spanish and Pearl Bayous the knickpoint had partially
migrated upstream past the highway crossings prior to
culvert construction (Table 11).

This partial incision is

evident also from a comparison of the longitudinal profiles
(Figs. 49-51).

The width and depth of Hardings Bayou (Table

11), above the culvert probably represents the typical
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channel dimensions for many of the tributaries prior to the
cutoff.

The depth of channel incision downstream from the

concrete culverts is increasing (Figs. 53 and 54) indicating
that the tributary system is still adjusting to base level
change.
The rate of knickpoint migration on Spanish/Pearl Bayou
system was 0.02 mi/yr.

This suggests that the rate of

channel disturbance on small tributaries in the drainage
system may be as much as an order of magnitude less than on
the main channel.

The fact that the knickpoint on Pearl
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Bayou has partially migrated past both Lower Woodville Road
and Highway 84 by 1954, but had not yet traversed the short
distance up Harding Bayou to Highway 84 by the same date
(Fig. 51) indicates that there is a possible lag time of a
year or two before the disturbance proceeds up the next
lower order tributary.
In summary, St. Catherine Creek, as a result of
foreshortening, has increased its average width from
approximately 90 ft (Butler, 1948) to 460 ft.

Field

examination of the geomorphic activity during the period
from 1989 to 1990 reveals that the bed and banks along the
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Figure 52. Hardings Bayou (T2Tla) at north side of Hwy 84
above concrete culvert. Top bank width is 18 ft and depth'
is 8 ft.

Figure 53. Hardings Bayou (T2tla) at south side of Hwy 84
concrete culvert. Channel width is 13 0 ft and depth is 50
ft. The concrete lip of the culvert is 20 ft above the
channel bed indicating the amount of incision since its
construction in 1974.
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Figure 54. Downstream side of concrete culvert on Pearl
Bayou (T2tl). The lip of the culvert is 21 ft above the
channel bed indicating the amount of incision since its
construction in 1954.
main channel are now stable.

There has been re

establishment of vegetation along the slough line of the
channel without evidence of bank scalloping or retreat to
indicate major failures.

These findings are similar to the

channel bed and bank restabilization processes of
channelized streams in Tennessee (Simon, 1989).

Even though

there is a cartographic difference between the 1916 and
1962 topographic maps (the older map appeared to be less
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TABLE 11
CHANNEL DIMENSIONS OF SPANISH BAYOU SYSTEM
TRIBUTARY

WIDTH
(FT)

DEPTH
(FT)

Spanish Bayou
above knickpoint
below knickpoint

90
156

24
46

Pearl Bayou
above knickpoint
below knickpoint

100
130

27
50

Hardings Bayou
above knickpoint
below knickpoint

18
130

8
48

Source:

1990 field survey

detailed), a comparison indicates that there has been a 23
mi increase in first order channels around the periphery of
the basin.

Gullying in the tributary basins is common and

as a remedy, the MSHD has placed concrete culverts at
several bridge crossings.

Based on the amount of

degradation in the Spanish Bayou tributary system, the lower
reach of St. Catherine Creek has probably incised its
channel in the order of 20 ft or more.

It is likely that

the terrace level located below the bluff at the Fatherland
Indian Mound site (Fig. 45) represents the former channel
prior to incision.

The age of one of several 10 ft

circumference trees on this surface was in excess of 50
years based on its tree rings, sp. American elm (Ulmus
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Americana) .

A stream flowing at this level could have

produced overbank flooding and sedimentation at the
Fatherland site as well as the bluff retreat and erosion of
Indian Mound A (Fig. 45).

Stage records from 1941 to 1960

from a discontinued gage, 2 mi upstream from the mound site
(Fig. 29) exhibit a range of 29 ft between low and high flow
stages.

At high stages, the Fatherland site would have been

subject to overbank flow.

It is also probable that prior to

1871 channel capacity was much less and thus, the frequency
of overbank flow was much greater.
Influence of Basin Size on Knickpoint Migration Rates
There is a considerable range in the rate of knickpoint
migration for the Homochitto River and St. Catherine Creek,
and their tributaries.

The relationship between the

knickpoint migration rate and drainage basin areas for these
channels was examined (Fig. 55).

Data obtained from studies

in northern Mississippi and western Tennessee are also
plotted.

The data points from this investigation include

the successive rates at H 2 , H3 and H4 from the Homochitto
River (Table 9) and rates derived from two of its
tributaries, Second Creek (Tl) and Crooked Creek (T2).

Data

from St. Catherine Creek included the average rate at SC6
(Table 10) and three tributaries, Providence Bayou (Tl),
Spanish/Pearl Bayou system (T2) and Melvin Bayou (T3)
29).

(Fig.

Data points from other areas included migration rates

for Johnson Creek in northern Mississippi (Grissinger and
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• Main Channel - Southwest Mississippi (this study)
H = Homochitto

SC = St. Catherine Cr.

x Tributaries - Southwest Mississippi (this study)
® North Mississippi (Grissinget and Murphey. 1983a)
© West Tennessee (Simon. 1989: Robbins and Simon. 1983)
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Figure 55. Relationship between knickpoint migration rates
and drainage basin areas for mainstem channels and
tributaries in southwestern Mississippi.
SC=St. Catherine
Creek; H2, H3 and H4=sites along the Homochitto River.
Rivers from northern Mississippi and western Tennessee are
plotted.
Murphey, 1983), and three from western Tennessee rivers
(North and South Forks of the Obion River and South Fork
Forked Deer River (Simon, 1989; Robbins and Simon, 1983).
Figure 55 illustrates the strong relationship between
drainage area and the rate of knickpoint migration.

The

data indicate there is a progressive decrease in migration
rate with distance upstream on the mainstem channel and with
decreasing tributary basin size.

The regression line is

steeper for the mainstem data indicating a more rapid
decrease in migration rate with distance up the mainstem
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channel.
Control Rivers
Buffalo River
The Buffalo River, because of its many similarities to
the foreshortened rivers, provides an excellent basis for
examining the development of a fluvial regime which has not
experienced recent base level change.

The Buffalo River in

its lower course flows 17 mi from where it leaves the
bluffline to its junction with the Mississippi River (Fig.
30).

This lower portion resembles the Homochitto River and

St. Catherine Creek prior to foreshortening and consists of
numerous narrow, ill-defined, anastomosing channels
approximately 90 ft wide.

The Buffalo River upstream from

the bluffline has a sand bed channel with alternating point
bars and cutbanks and ranges from 200 to 400 ft wide.
There are six main channel sites and one tributary site
on the Buffalo River (Fig. 30).

A comparison of a 1985

bridge profile, a 1989 field re-survey, and the 1848
original surveyor's map at site B1 (RM 26.8) shows that
there has been little or no change in the width and depth of
the channel.

This lower reach of the river corresponds to

the stable bank portion of the lower Homochitto River.
Upriver from this site, the banks are more susceptible to
caving,.

Data at the next three bridge sites (B2, RM 31.6;

B 3 , RM 36.5; B 4 , RM 36.8) indicate the Buffalo River along
this reach has been meandering laterally, but not incising

its channel (Table 12, Fig. 56).

However, when the rates of

lateral migration on the Buffalo River (Table 12, sites B2B4) are compared to those on the Homochitto River (Table 6,
sites H1-H3), it is evident that rates on the Homochitto
River are significantly higher.

A comparison of

longitudinal profiles also show no evidence of channel
degradation, although some aggradation may have occurred at
the bluffline (Fig. 57).

Although the Buffalo River has

been migrating laterally there has been no change in channel
capacity as evidenced by the stage relationship (Fig. 19)
and bankfull width (Table 13) .
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Cross-sections, Buffalo River at B3 (RM 36.5).
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TABLE 12
MIGRATION RATES FOR BRIDGE
SITES ON BUFFALO RIVER BETWEEN
RM 27 AND 37
SITE

LATERAL
MIGRATION
(FT)

TIME
PERIOD

RATE
(FT/YR)

B1

0

1848-1989

0

B2

241

1848-1987

1.7

B3

100

1921-1989

1.4

B4

116

1919-1989

1.6

Source:

1848 original survey plat maps
1919, 1921 1987 MSHD cross-sections
1989 field survey
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TABLE 13
DATA FOR BUFFALO RIVER AVERAGE BANKFULL
WIDTHS FROM 1943 TO 1884
REACH

MILES
UPSTREAM
FROM
MOUTH

1943
(FT)

1984
(FT)

RATE OF CHANGE
(FT/YR)

1

0-17

96

96

0

2

17-20

179

175

-.1

3

20-25

190

193

.1

4

25-30

272

271

-.02

5

30-35

320

325

.1

6

35-40

424

417

-.2

Source:

1943 air photos (1:24,000) and 1984
(1:24,000) USGS topographic maps

Although there is little evidence for long-term
degradation, the channel is subject to short-term scour
during flood events.

A Water Resources Report dated

November 1983 describes the Buffalo River at site B2 (RM
31.6), "The channel has a sand bottom which shifts
continuously and is subject to extreme scour by the high
velocities associated with large floods...the severe
scour in the sand channel during the flood fills in quickly
at lower discharges and velocities."

Thalweg elevations

obtained from cross-sections at this site illustrate the
effects of scour and fill on the channel (Figure 58).

From
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31.6).

Thalweg elevations, Buffalo River at B2 (RM

1938 to 1955 the channel degraded approximately 10 ft,
likely the result of the 1955 flood, and by 1958 the channel
aggraded back to a similar elevation near 98 ft.

This

elevation probably represents a quasi-equilibrium level, a
finding similar to that along the Homochitto River (Fig.
36).

A single storm event in July 1969 caused another 10 ft

of degradation between the July 17 and August 11, 1969
cross-sections.

Because of the lack of of data after 1969,
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it is not possible to determine the sequence of events to
1987 however, the channel has subsequently aggraded to the
quasi-equilibrium level by 1990.

The channel in the upper

reaches of the Buffalo River (sites B5, RM 51.7? B6, RM
54.7) has shown no lateral or vertical changes during the
period of record (Fig. 30, Appendix I).
Bavou Pierre and Coles Creek
Bayou Pierre and Coles Creek have enough dis
similarities to the other rivers in this study that they are
less useful as control rivers.

A total of 15 bridge sites

on Bayou Pierre and 8 on Coles Creek were examined (Figs. 31
and 32, Appendix I).

The time period between profiles

averaged about 35 years, but in some cases data was
available for the last 60 to 80 years.

As indicated by

representative profile comparisons (Fig. 59), both rivers
show evidence of only slight lateral migration and little or
no channel degradation.

Both rivers, however, have fairly

wide valleys and the channels of both rivers are incised
into this valley surface.

Along Bayou Pierre, for example,

the average valley width is about two miles and the valley
surface exhibits oxbow lakes and numerous meander scars
indicating a period of active meandering.

A 5,000 yr

B.P. date (Beta-39421) obtained from wood buried within this
surface on Coles Creek suggests that incision has occurred
after this date.

Both rivers, over much of their course,

have incised into the very resistent Miocene-age Catahoula
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Figure 59. Cross-sections, Bayou Pierre and Coles Creek,
a) Bayou Pierre at BP2 (RM 22.7), b) Bayou Pierre at BP7 (RM
67.5), c) North Fork Coles Creek at CN3 (RM 32.9), d) South
Fork Coles Creek at CS3 (RM 32.1).
formation which limits lateral migration and channel
degradation (Fig. 13) .
Some channel degradation has occurred in the upper
reaches of Bayou Pierre between sites BP7 and BP10 (RM 67.585.9).

The profiles of BP7 show 9 ft of degradation since

1976 (Fig. 59b).

The channel deepening appears to be caused

by meander cutoffs constructed by the MSHD upstream from the
bridge crossing.

The 1976 design channel is shown in Figure

59b.

This is a common engineering procedure to provide

better channel alignment at bridge approachs, but in many
cases has caused channel instability (Brice, 1980, 1982).

CHAPTER V
SEDIMENT REGIME
Sediments transported by rivers are derived from
various sources including sheetwash from hillslopes and
channel and bank erosion.

The rivers in southwestern

Mississippi transport sediments derived from such sources as
suspended or bedload.

The significant increase in the

amount of bank erosion and channel degradation on the
Homochitto River should be reflected by its sediment regime.
Similarly, if the channel dynamics of the Buffalo River has
remained unchanged, there should be little alteration to its
sediment regime.

However, there are few measurements of

sediment load for any of the rivers in this study.

The

availability of 1943 air photos (1:24,000) and 1957
(1:62,500) and 1984 (1:24,000) USGS topographic maps provide
a means of measuring the area of point bars in these rivers.
Since point bars are a major storage location for bedload
sediments, changes in the sediment regime can be estimated
by comparing their area at different times.

All the air

photos, including those used to construct the topographic
maps, were taken at approximately the same low water plane.
Similar data were unavailable for other control rivers.

It

was not possible to map the bars on St. Catherine Creek
because of its smaller size.
Each of the river channels was divided into reaches and
the point bars in each measured and totalled for each time
111
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period.

The Buffalo River was subdivided into six reaches.

The first reach included that portion of the channel on the
Mississippi River floodplain and the remaining reaches were
approximately 5 mi long.

The Homochitto River was

subdivided into seven, approximately 10 mi long reaches
similar to those used previously (Table 7).
Changes in Point Bar Areas
Buffalo River
The lower reach of the Buffalo river where it crosses
the Mississippi River floodplain shows no evidence of point
bar development (Table 14).

In the reaches upriver from the

bluffline (Table 14, reaches 2-6), point bars have, in fact,
evidenced a 14% decrease in area.

This decrease in point

bar areas may be attributed to the sharp decline in the
percentage of cropland in the study area after 1920 (Fig.
17).

The conversion of cropland, which reached its peak

around 1900, back to a natural forest cover has apparently
reduced surface erosion and sediment yield to the stream
channel.
Homochitto River
The area of point bars in the Homochitto River have
more than doubled in size from 1943 to 1984 (Table 15).
This increase in point bar area coincides with the
concomitant increase in bankfull width (Fig. 37).

The data

for the different periods in Table 15 suggest that the rate
of point bar development has varied both spatially and
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TABLE 14
DATA FOR BUFFALO RIVER POINT BAR AREAS
REACH MILES
UPSTREAM
FROM
MOUTH

1943
(FT2X106)

1984
(FT2x 106)

0

1943-84
CHANGE
(FT)

RATE OF
CHANGE
(FT/YR)

—

0

1

0-17

0

2

17-20

1.3

.6

-.7

-.02

3

20-25

1.9

1.4

-.5

-.01

4

25-30

3.7

3.6

-.1

-.002

5

30-35

7.0

6.0

-1.0

-.02

6

35-40

8.0

7.2

-.8

-.02

-3.1

-.07

21.9

TOTAL
Source:

18.8

1943 air photos (1:24,000) and 1984 (1:24,000)
USGS topographic maps.

temporally.

With the exception of the floodplain reach, the

rate of sediment accumulation in the lower reaches (Table
14, reaches 2-4) appears to be declining since 1957.

In

this study channels of rivers crossing the Mississippi River
floodplain generally do not exhibit point bars.

Point bars

were also absent from the Homochitto River in this reach
prior to 1943.

Since that time there has been a constant

increase in point bar development and growth.

These point

bars indicated a continuing downstream transfer of sediment
from disturbed portions of the upper basin.
The data also reflect the upstream migration of the
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TABLE 15
DATA FOR HOMOCHITTO RIVER POINT BAR AREAS
REACH 1943
1957
(FT2X106) (do)

1

0

2

.12

1943-57
CHANGE
(FT)

RATE OF
CHANGE
(FT/YR)

1984
(do)

1957-84
CHANGE
(FT)

RATE OF
CHANGE
(FT/YR)

1.3

1.3

.09

3.7

2.4

.086

14.4

14.3

.95

21.6

7.2

.26

1.46

49.0

25.4

.91

.3

25.5

2.8

.1
.18

3

1.7

23.6

21.9

4

18.2

22.7

4.5

5

25.9

23.2

-2.7

-.18

28.3

5.1

6

28.1

19. 3

-8.8

-.59

19.4

.1

7

5.9

4.0

-1.9

-.13

3.5

-.5

-.02

TOTAL 79.9

108. 5

28.6

1.91

151.0

42. 5

1.52

Source:

.004

1943 air photos (1:24,000), and 1957 (1:62,500)
and 1984 (1:24,000) USGS topographic maps.

channel disturbance.

Between 1943 and 1957, the point bars

in the upper reaches of the Homochitto River (Table 15,
reaches 5-7) were declining in size.

This trend in the

upper portion of the Homochitto River is similar to that of
the Buffalo River where the decline in cropland resulted in
a decrease in available sediment.

Bankfull widths, which

remained virtually unchanged during this period (Table 13),
provide further indication of channel stability.

Since

1957, the data indicate that point bars in this upper reach
(Tab .e 11, reaches 5-6) have started to increase in size.

A
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corresponding increase in bankfull width (Table 7, reach 5)
suggests channel disturbance is migrating upstream.
The sediment regime of the Homochitto River is
representative of a river in the early or intermediate phase
of channel adjustment following foreshortening.

During this

phase, three sediment regime zones which are transitory in
both space and time can be recognized.

The lower 30 mi

represents a zone of maximum disturbance which is
characterized by channel widening and incision, bank caving
and a major increase in sediment load.

In the case of the

Homochitto River, much of the increase in sediment load has
been in the bedload fraction.

Within this zone, the effect

of the disturbance on the channel increases rapidly and may
reach a peak within approximately 20 years.

During this

phase point bars exhibit a marked increase in size and
channel aggradation is initiated in the downstream reaches.
The subsequent phase is marked by a decline in bank erosion
and a decreasing rate of point bar growth.

It is not

certain what period of time would elapse before a quasi
equilibrium state would be achieved.
The middle reach of the Homochitto River from H3 (RM
30) to the Middle Fork (Fig. 28) is a transition zone and is
subject to only minor disturbance as the knickpoint migrates
upstream.

There is an initial increase in channel width and

point bar size.

The channel upstream from the Middle Fork

represents a zone characterized by no long-term degradation.

The channel is subject to scour and fill episodes related to
flood events and point bar areas are declining slightly due
to changes in land use patterns.

CHAPTER VI
MODEL OF CHANNEL RESPONSE TO FORESHORTENING
At least three basins selected for this investigation
may be considered representative of different stages in the
evolution of channel morphology following foreshortening.
The Buffalo River is representative of a basin with little
or no channel modification.

The Homochitto River represents

a basin in an intermediate stage of adjustment following
channel modification, while St. Catherine Creek represents a
basin in a late phase of adjustment.

Based on the

morphologic characteristics of these basins, a model of
fluvial system behavior which illustrates the sequence of
channel evolution following foreshortening can be
constructed (Fig. 60).
Meandering Phase fl)
Prior to settlement, the rivers in the study area
followed a meandering course in the bluff uplands and had an
anastomosing character where they cross the Mississippi
River floodplain.

In the anastomosing portion, rivers

followed long, narrow, often indistinct, tree-lined courses
as they flowed through the poorly drained swamps and lakes
of the Mississippi River floodplain.

The valleys in the

uplands were relatively wide, indicating a relatively long
phase of meandering.

The rivers which followed relatively

sinuous courses transported mainly suspended sediment with
only minor amounts of coarser bedload.
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During the initial

FORESHORTENED PHASE II

MEANDERING PHASE I

Shorter path length

Lateral migration

Steepened gradient

No downcutting
Flood scour and fill
Overbank flooding

KNICKPOINT

(FORESHORTENED!
1
SECTION
1

DEGRADATION PHASE III
Disturbance migrates upstream

AGGRADATION PHASE IV

Tributaries eroding

Channel deposition

Channel capocity increases
Overbank flow decreases
Point bar growth

KNICKPOINT

AGGRADATION

RECOVERY PHASE V
New equilibrium profile

Figure 60. Conceptual model of channel evolution in
response to base level change by foreshortening for
southwestern Mississippi tributaries.
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period of settlement, there appears to have been some
increase in their sediment regime which subsequently
decreased as the amount of cropland declined.

The rivers

were most likely adjusted to prevailing discharge and
sediment load, base level position of the Mississippi River,
and the long-term tectonic movements.

Although rivers were

migrating laterally, there is no evidence for channel
downcutting in the period prior to settlement.

The rivers,

in fact, frequently overflowed their banks inundating
adjacent floodplains.

Channel beds were subject to local

scour and fill episodes during flood events.

The channel

generally recovered from these events within one or two
years.
Foreshortening Phase fll^
Several river channels in the study area were shortened
in order to improve their drainage conditions.

The result

of foreshortening was an increase in channel gradient near
the river mouth (Fig. 60).

The foreshortening phase is

analagous to the Mississippi River migrating toward the
bluffline or the lowering of base level elevation.

The

channel adjustment to all these events include a steepened
channel gradient which forms a knickpoint that migrates
upstream producing channel instability.
Dearadational Phase (III)
The degradational phase is characterized by bank
erosion and channel incision immediately upstream from the
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disturbance.

The disturbance in the form of a knickpoint

migrates further up the channel.

This phase includes a

period of rapid increase in the magnitude and rate of
channel change followed by a period of decreasing rates of
channel change.

Yearke (1971) noted that most major

adjustments occur immediately after modification as the
channel adjusts to new conditions.

The degradation phase on

the Homochitto River has required approximately 20 years to
migrate through the lower 30 miles and it has required
approximately 100 years to traverse the entire main channel
of St. Catherine Creek.
The channel reach in the vicinity of the knickpoint
differs from reaches upstream and downstream.

The maximum

rate of channel incision and bank caving is occurring in the
knickpoint reach.

The channel downstream continues to

widen, but at a slower rate.

There is a marked increase in

sediment transported by the river, particularly the bedload
fraction.

Point bars become well established in this lower

reach and increase rapidly in size due to the high bedload
quantities.

As the result of incision and a four-fold

increase in width, channel capacity is increased causing a
reduction in the frequency of overbank flooding.

Channel

incision in the lower reach results in a lower base level
for tributaries producing a knickpoint which is transmitted
into these smaller order basins.

Upstream from the

knickpoint, velocities begin to increase, but most of the
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reach remains adjusted to conditions that prevailed prior to
foreshortening.
Agqradational Phase (IV)
The aggradational phase begins in the lower reaches of
the channel which occurs concurrently with continued
degradation in the uppermost reaches of the basin.

Simon

(1989) has reported that aggradation occurs in previously
degraded sites where gradient has been reduced by incision
after knickpoint passage; and flows become incapable of
transporting the greater sediment loads generated from
upstream erosion.

The aggradational phase progresses

upstream, but it is unclear whether this phase would extend
throughout the entire main channel because of the
diminishing sediment supply.

The aggradational phase on St.

Catherine Creek has extended through 70% of the basin (Fig.
46) and based on present evidence, it is unclear whether
this phase will continue migrating upchannel.

It may be

expected that bank caving should begin to decline during
this phase as aggradation decreases bank height and
stabilizes toe slopes of the banks.
Recovery Phase (V)
The recovery phase is marked by a channel whose
profile is in a quasi-equilibrium stage (Fig- 60).

The new

channel profile which should be adjusted to the new base
level conditions may be similar to the original profile but
is at a lower elevation.
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The time required to achieve the quasi-equilibrium
(recovery period) depends on the resistance or sensitivity
of the drainage system to change and the scale of the
landform system involved (Fig. 61).

The rivers in this

study are highly sensitive to high magnitude flood events
which cause local channel scour.

The recovery of the

channel to its prior form requires only one or two years.
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TIME

Figure 61. Conceptual model of magnitude of form change and
recovery time for southwestern Mississippi Rivers.
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The effects of the disturbance created by foreshortening on
the channel and drainage basin may persist for a much longer
time and, as Wolman and Gerson (1978) suggest, may result in
some degree of non-recovery.

The channel of St. Catherine

Creek appears to have achieved a quasi-equilibrium profile
in approximately 100 years.

The lower order tributary

systems are still adjusting to the disturbance indicating
the greater recovery time necessary for the entire basin to
achieve a quasi-equilibrium state.

The new channel profile

of St. Catherine Creek is located at a lower level than the
original and this difference represents the degree of non
recovery (Fig. 61).

CHAPTER VII
CONCLUSIONS
The rivers in southwestern Mississippi prior to fore
shortening were adjusted to the prevailing conditions
of base level associated with the changing positions of
the Mississippi River during the Quaternary, long-term
regional tectonic activity and historic land use
changes.

With the exception of St. Catherine Creek,

the rivers experienced a long phase of meandering and
as the result of lateral migration, created wide
floodplains.

There was no evidence of channel incision

during the period prior to foreshortening.
Foreshortening of St. Catherine Creek and the
Homochitto River caused a steepened channel gradient or
knickpoint which migrated upstream causing channel
incision and bank instability.
Increase in the amount of bank caving on the Homochitto
River has produced a marked increase in bedload
transport which has nearly doubled the size of point
bars.
Changes in the regional geology have played a role in
the spatial variations of channel morphology of the
study rivers.

Rates of channel widening along the

Homochitto and Buffalo River were greater in reaches
that correspond to the sandy units of the Miocene
Hattiesburg-Pascagoula Formation.

Lateral migation and

the development of deep alluvial valleys were inhibited
along Bayou Pierre and Coles Creek as they cut into
resistant sandstone of the Catahoula Formation.
Increased width and depth of foreshortened channels has
increased their bankfull capacity which has greatly
reduced the frequency of overbank flooding.
A relationship was found to exist between the rate of
knickpoint migration and drainage basin area of the
mainstem channel and tributaries.

The rate of

knickpoint migration was also found to decrease
upstream along the main channel.

The rate of migration

was at least an order of magnitude greater on the
mainstem channel than on tributary channels which
indicates that this is a geometric relationship.

The

average rate for St. Catherine Creek was determined to
be 0.2 mi/yr, and 0.02 mi/yr along the Spanish/Pearl
Bayou tributary system.

The rate ranged from 4.6 to

0.77 mi/yr progressively upstream along the Homochitto
River.
A five phase model was developed to illustrate the
evolutionary change in the channel profile from the
pre-foreshortening phase to the recovery phase.

The

adjustments after gradient steepening in the
foreshortening phase are an attempt to regain
equilibrium.

Although a quasi-equilibrium

bed elevation is reached, the longitudinal profile in
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the final recovery phase is maintained at a lower
elevation than in the initial meandering phase.
Sensitivity and recovery times vary both spatially and
temporally within the fluvial system so that the phases
of adjustment within the drainage basin lag behind that
of the main channel.
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APPENDIX I
SUMMARY OF BRIDGE SITES
SITE

STREAM/
HIGHWAY CROSSING

CROSSSECTION
DATES

MI*
MI** MI***
UP
FROM
MAIN
JUNCTION
CHANNEL

HOMOCHITTO RIVER
HI

Homochitto River/
Hwy 61 (Doloroso gage)

1921
1939
1955
1974
1983
1989

9.8

Tla

Second Creek/Co Hwy nr
Sibley

1962
1989

9.9

5.9

Tib

Second Creek/Co Hwy nr
Kingston

1947
1990

9.9

15.6

Tltl Lynn Creek/Co Hwy

1969
1989

9.9

0.5

9.0

Tltla Chase Creek/Co Hwy

1969
1989

9.9

0.5

8.8

T2

Crooked Creek/Co Hwy

1971
1989

17.7

0.8

H2

Homochitto River/
Old Hwy 61

1919
1990

17.7

T3

Sandy Creek/Co Hwy

ca 1930
1990

18.3

1.2

T4

Wells Creek/Co Hwy

1956
1989

25.0

4.9

T5

N. Dry Creek/Hwy 3 3

1956
1989

26.1

2.5

T6

S. Dry Creek/Co Hwy

1956
1975
1989

29.9

1.2
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APPENDIX I (cont.)
SITE

H3

STREAM/
HIGHWAY CROSSING

CROSSSECTION
DATES

MI*
UP
MAIN
CHANNEL

MI** MI***
FROM
JUNCTION

Homochitto River/
#Illinois Central RR
Hwy 33

1894
1911#
1923#
1941
1956
1972
1974
1984
1989

T7

Foster Creek/Hwy 33

1958
1982
1989

30.8

3.1

MFa

Middle Fork/Hwy 84

1938
1989

50.3

4.5

MFb

Middle Fork/Co Hwy

1975
1989

50.3

11.5

MFtl Morgan Fork/Co Hwy

ca 1950
1989

50.3

4.4

H4

Co Hwy nr Meadville

1979
1989

51.7

H5

Homochitto River/Hwy 98

1947
1974
1989

55.7

T8

Porter Creek/Co Hwy

1960
1989

56

.7

T9

Ladds Creek/Hwy 84

1977
1989

61

.6

T10

McCall Creek/Co Hwy

1968
1989

62.3

6.1

1980

62.3

16.1

TIOtl

Jackson Creek/Hwy 550

30

10.9

2.5
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H6

Homochitto River/Hwy 84

1909
1938
1959
1989

63.1

H7

Homochitto River/
Co Hwy nr Caseyville

1974
1989

75.4

HS

Homochitto River/Hwy 550 1963
1989

78.5

Til

Cedar Creek/Hwy 550

1980
1989

82.3

MI** MI***
FROM
JUNCTION

3.9

ST. CATHERINE CREEK
SCI

St. Catherine Creek/
Lower Woodville Road

1930
1954
1989

3.3

T2

Spanish Bayou/Hwy 84

1954
1974
1990

3.7

1.3

T2tl Pearl Bayou/Lower
Woodville Road

1954
1990

3.7

7

1.2

T2tla

1954
1974
1990

3.7

.7

1.2

Hardings Bayou/Hwy 84

SC2

St. Catherine Creek/
Old Kingston Road

1903
1929

4.4

SC3

St. Catherine Creek/
Hwy 61 (S. of Natchez)

1923
1959
1976
1989

4.8

SC4

St. Catherine Creek/
Hwy 61 (N. of Natchez)

1934
1950
1989

10.1
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SC5

St. Catherine Creek/
Co Hwy nr Foster

1963
1989

15.0

SC6

St. Catherine Creek/
Hwy 61 nr Washington

1935
1979
1989

18.3

MI** MI**
FROM
JUNCTION

BUFFALO RIVER
T1

Percy Creek/Hwy 24

1959
1989

7.9

B1

Buffalo River/Co Hwy
nr Laneheart

1985
1989

26.8

B2

Buffalo River/Hwy 61
(Woodville gage)

1938
1955
1956

31.6

1958
1969
1987
1921
1959
1972
1989

B3

Buffalo River/Hwy 563

36.5

B4

Buffalo River/Old Hwy 61 1919
1990

36.7

B5

Buffalo River/Co Hwy

1975
1989

51.7

B6

Buffalo River/Co Hwy

1977
1989

54.7

1976#
1989

19.4

BAYOU PIERRE
BP1

Bayou Pierre/
#Illinois Central RR
Co Hwy nr Port Gibson

4.8
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DATES

MI*
UP
MAIN
CHANNEL

MI** MI***
FROM
JUNCTION

Tla

Little Bayou Pierre

1946
1989

20.1

1.2

Tib

Little Bayou Pierre/
Co Hwy

1968
1989

20.1

14.8

Tltl Baker Creek/Hwy 547

1978
1989

20.1

5.3

0.6

Tlt2 Clarks Creek/Hwy 547

1958
1989

20.1

13.8

4.5

BP2

Bayou Pierre/Hwy 61

1926
1938
1987

22.7

BP3

Bayou Pierre/Natchez Tr.

1960
1989

32.1

BP4

Bayou Pierre/Co Hw nr
Carlisle

1917
1983
1989

36.9

T2

Tallahalla Creek/Hwy 27

1949
1989

BP5

Bayou Pierre/Hwy 18

1952
1989

46.0

BP6

Bayou Pierre/Co Hwy
nr Dentville

1976
1989

56.8

BP7

Bayou Pierre/Co Hwy nr
Smyrna

1954
1976
1989

67.5

BP8

Bayou Pierre/Hwy 28

1930
1947
1989

72.9

44.5

5.9
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STREAM/
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DATES

MI*
UP
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CHANNEL

Bayou Pierre/Co Hwy nr
Martinsville

1966
1989

79.5

BP10 Bayou Pierre/Co Hwy nr
Wesson

1960
1989

85.9

Cl

Coles Creek/Co Hwy below 1961
junction
1983

18.6

CN1

North Fork/Co Hwy

1961
1989

21.3

CN2

North Fork/Natchez Trace 1968
1989

30.5

CN3

North Fork/Hwy 61

1938
1989

32.9

CN4

North Fork/Co Hwy
nr Stonington

1979
1989

38.5

SCI

South Fork/Hwy 553

1955
1989

22

SC2

South Fork/Natchez Trace 1939
1989

27.2

SC3

South Fork/Hwy 61

32.1

BP9

MI** MI***
FROM
JUNCTION

COLES CREEK

1936
1989

* Main channel miles upstream from mouth
** Tributary miles upstream from main channel junction
***Lower order tributary miles upstream from tributary
junction
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